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Chapter 1: General Introduction 
 
 Rotation of different crops has been a common practice for centuries and yet crop 
rotation is becoming less common in the U.S. Corn Belt.  Crop rotations may be complex 
utilizing several crop species rotated over multiple growing seasons, or limited to two species 
rotated annually.  Prior to mechanization, United States agriculture was highly dependent on 
livestock for draft power and protein production (Hoeft et al., 2000).  Long multi-species 
rotations were common to help spread labor needs and provide adequate feed and food for 
the farm (Hoeft et al., 2000).  As mechanization became more prominent on the farm and 
new technologies—synthetic nitrogen fertilizer and pesticides—were employed, the need for 
extensive crop rotations decreased (Benson, 1985).   Today, corn (Zea mays L.) annually 
rotated with soybean [Glycine max (L.) Merr.] is the most popular crop rotation in the U.S. 
Corn Belt. The corn/soybean rotation is a simplified but important rotation.  It has 
tremendous economic and world trade benefits because many products and materials are 
derived from these crops (Karlen, 2006).  
 Crop rotation is a cultural practice to improve crop health and grain yield.  The 
benefits of crop rotations are well documented and include: (i) decreased pest pressure for a 
specific crop, (ii) improved soil structure, (iii) reduced soil erosion, (iv) more available 
nitrogen for following grain crops, (v) increased crop diversity, and (vi) operating costs 
spread across multiple crops (Benson, 1985).    Still a single crop may be grown annually 
without rotation of another crop, and is commonly referred to as continuous cropping or a 
monoculture cropping system.  Most continuous cropping systems are implemented based on 
production economics, primarily commodity and input prices (Erickson and Lowenberg-
DeBoer, 2005).  In certain cases a crop may be grown continuously due to low land values 
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and/or to decrease equipment needs (Benson, 1985).  In recent years the Corn Belt has 
witnessed a substantial increase in continuous corn hectares.  Elevated market demand for 
corn, primarily due to increased ethanol production, has been a cause of the increased corn 
prices (Erickson and Lowenberg-DeBoer, 2005).  Higher corn prices have persuaded some 
corn producers to begin using a continuous corn cropping system.  Increased corn production 
was apparent in 2007; as evidenced by a 19% increase in corn hectares or approximately 
37,865,183 total hectares, the largest corn area planted in the United States since 1944 
(USDA-National Agricultural Research Service, 2007)   
 The National Agriculture Statistics Service reported Iowa corn hectares had increased 
approximately 10% between 2000 and 2009, while soybean hectares have declined 
approximately 8% from 2000 to 2009 (USDA-National Agricultural Research Service, 
2009).  Considering the differences in land area planted to corn and soybean in 2009, 
approximately 28% of Iowa‘s corn hectares were planted where corn was the previous crop 
in 2008.            
Thesis Organization 
 This thesis is organized in journal manuscript format.  Chapter 1 is a general 
introduction and a description of the thesis content.  Chapter 2 is a literature review of past 
research of the continuous corn cropping system, corn hybrid selection, and root growth and 
development of corn grown under a continuous cropping system compared to corn grown in 
rotation.  Literature cited for chapters 1 and 2 follows chapter 2.  Chapter 3 is a manuscript 
evaluating plant population, grain moisture, and grain yield of 12 hybrids grown in the 2
nd
 
year of corn compared to corn following soybean.  This study focuses on the influence of (i) 
previous-year corn hybrid, (ii) effects of growing the same hybrid over multiple growing 
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seasons, and (iii) comparing 2
nd
 year corn to corn rotated with soybean.  Chapter 4 is a 
manuscript documenting how previous-year corn hybrid and cropping system influence root 
and plant biomass over the entire growing season of 12 current-year hybrids.  Chapter 5 
contains general conclusions and future research developed from this study.  Literature cited 
for each manuscript is included at the end of each manuscript.   
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Chapter2: Literature Review 
 
When corn follows corn 
 
 Corn following corn (CC) is more common today on the landscape compared to past 
decades.  The increase in agricultural land occupied by CC is due to changes in government 
policy, improved pesticides, favorable economics, and the development of transgenic hybrids 
(Porter et al., 2003; Ahmad et al., 2006).  The greatest limitation associated with CC is the 
decrease in grain yield compared to corn grown in rotation (Benson, 1985).  Resource 
availability and specific pest pressures are much different in CC when compared to corn 
grown in rotation.  It is imperative to understand the different factors potentially reducing 
grain yield in CC.  Coupled with decreased grain yield are increased input costs of CC 
compared to rotated corn which can have great impact on a producer‘s profitability.  
Management is critical for CC but recommendations are limited increasing the need for 
research on this topic. 
Grain yield and moisture 
Previous studies have shown a 10-15% decrease in grain yield is common for CC 
compared to corn grown in rotation (Benson, 1985; Edwards et al., 1988; Crookston and 
Kurle, 1989; Crookston et al., 1991; Porter et al., 1997; Singer and Cox, 1998; Pedersen and 
Lauer, 2003; Nafziger, 2006).  Researchers in Minnesota, Wisconsin, and Alabama reported 
a decrease in grain yield of 13% (Porter et al., 1991), 13-17% (Pedersen and Lauer, 2002; 
Pedersen and Lauer, 2003), and 11% (Edwards et al., 1988), respectively, when CC was 
compared to the corn soybean rotation (CS).  Porter et al. (1997a) reported the yield loss in 
CC could range from less than 15% to greater than 25% compared to corn grown in rotation, 
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depending on environment.  Studies in Ontario, Canada reported a 6% (Raimbault and Vyn, 
1991) and 7.4% (Meyer-Aurich et al, 2006) decrease in grain yield for CC compared to other 
crop rotations.  Iowa State University reported the yield deficit ranged from 0-30% over an 
eight year period—2000 to 2007—for CC compared to CS (Sawyer, 2008).   
Although the CS rotation is the most common rotation for comparison to CC, other 
crops and more diverse rotations have been compared.  A study conducted in New York 
found, under a high-input system (defined by soil fertility and pesticides), CC and CS yielded 
less than corn grown in a two-year corn-wheat /red clover (Triticum aestivum L./ Trifolium 
pratense L. ) rotation, but both CS and corn-wheat/clover rotations had greater yields 
compared to CC  (Singer and Cox, 1998a).  A rotation study in Eastern South Dakota found 
CC yields were lower compared to a two-year CS rotation and a four-year CS-wheat / 
underseeded alfalfa (Medicago sativa L.)-alfalfa rotation (Riedell et al., 2009).  No difference 
in corn grain yields were found among the two- and four-year crop rotations.  A Minnesota 
study found a three-year rotation of sunflower (Helianthus annuus L.)-alfalfa-corn yielded 
22% greater corn yields than CC (Porter et al., 1997b).  The same study reported a 6% yield 
increase when a three-year sorghum (Sorghum bicolor (L.)-sorghum/sudangrass (Sorghum 
sudanense Piper)-corn rotation was compared to CC.  These studies further confirm that corn 
grain yields are higher when grown in rotation with other crops compared to CC. 
Growing corn continuously over several growing seasons is a common agriculture 
practice.  The greatest decrease in grain yield relative to the year prior occurs in the 2
nd
 year 
of corn (Crookston et al., 1991; Katsvario and Cox, 2000; Meese et al., 1991; Porter et al., 
1997; Pedersen and Lauer, 2003).  Researchers in Minnesota and Wisconsin reported 2
nd
 year 
corn yields were 10 to 15% lower than first year corn following five consecutive years of 
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soybean, [Glycine max (L.) Merr.] and corn annually rotated with soybean.  (Porter et al., 
1997; Pedersen and Lauer, 2002; Pedersen and Lauer, 2003).  In general, no yield difference 
was observed between the 2
nd
, 3
rd
, 4
th
, 5
th 
years of corn and continuous corn. 
 Previous research illustrates that a yield depression exists when growing CC 
compared to rotating corn with other crops.  However, a study conducted by Hicks and 
Peterson (1981) proposed that over time CC yields would eventually overcome the 10-15% 
deficit associated with the cropping system.  The authors hypothesized the increase in yield 
was due to the micro-environment becoming ―balanced‖ for CC.  To study this researchers 
compiled all known data comparing CC to corn grown in rotation; this consisted of 28 
studies over multiple years or site years of data collection from 1975-2008 (Erickson and 
Lowenberg-Deboer, 2005). Only two out of the 28 studies had greater grain yield with CC 
than CS, indicating yield recovery in CC is not likely.   
 Besides decreased grain yield, research has shown grain moisture content of CC may 
be higher than corn rotated with soybean.  High grain moisture can lead to increased drying 
costs after harvest.  Lauer and Pedersen (2003) reported 5% lower grain moisture content in 
CS compared to CC.  A similar rotation study found corn following a minimum of one year 
of corn had higher grain moisture content than corn grown in rotation (Pedersen and Lauer, 
2002).  In contrast, other studies have found grain moisture is not influenced by a cropping 
system, (Meese et al., 1999; Peterson and Varvel, 1989b) and is instead, dependent on other 
factors such as tillage or environment.   
Factors influencing corn following corn 
The phenomenon of decreasing grain yield with CC is poorly understood, but 
numerous factors have been hypothesized.  These influences include: tillage practices, pest 
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pressure, allelopathic inhibitors, precipitation, soil and air temperature, soil moisture, soil 
fertility, and hybrid selection. (Robertson and Munkvold, 2007; Ward et al., 1999;  
Raimbault and Vyn, 1989; Yakle and Cruse, 1983; Farnham, 2001a; Riedell et al., 1998). 
Since so many possible influences exist, with the potential to decrease yield, research must 
be done to validate them while developing improved production recommendations.     
Tillage 
 Tillage is a specific management component that has been researched to understand 
its overall influence on CC.  Tillage research has been conducted with reduced tillage, no- 
tillage, and conventional tillage systems.  No-tillage implies that no tillage implement passes 
over the field during the growing season.  Reduced tillage is defined by limiting the number 
of tillage passes over the field, while conventional tillage requires tillage operations in the 
fall and spring resulting in less than 30% residue cover after planting.  The use of reduced 
tillage systems often results in lower CC yields when compared to moldboard plowing 
(Raimbault and Vyn, 1989; Griffith et al. 1988).  However, growing corn in rotation 
decreases or eliminates the negative effects of the reduced tillage systems.  Pedersen and 
Lauer (2003) reported CC grain yields were 6% greater under conventional tillage compared 
to a reduced tillage system.  The only rotation with a positive response to no-tillage was first 
year corn after five consecutive years of soybean.  Meese et al. (1991) reported lower CC and 
continuous soybean yields when grown in a no-tillage system.  Yield issues with CC will not 
be overcome with reduced or no-tillage.    
 Conventional tillage resulted in less grain moisture for CC—21.1% compared to 
25.2%—when grown under no-tillage conditions (Meese et al., 1991).   Pedersen and Lauer 
(2002) reported 7% greater grain moisture for no-tillage vs. conventional tillage for all 
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rotation sequences, including CC.  But grain moisture was not influenced by a tillage system 
when corn was grown following 5 consecutive years of soybean. 
Crop pests 
Crop pests are a possible causal agent for decreasing grain yield in CC.  A primary 
pest of corn is the corn rootworm (Diabrotica spp.) causing an estimated $1 billion in lost 
yield per year (Metcalf, 1986).  The effectiveness of the corn-soybean rotation to control corn 
rootworm has diminished due to certain adaptive strategies allowing the corn rootworm 
species to survive a two year crop rotation (Krysan, 1986; Levine et al., 2002).  However, 
transgenic hybrids provide some control of certain lepidopteran pests as well as the corn 
rootworm.  Transgenic hybrids have decreased the need for insecticides and crop rotation as 
the primary method of pest control.  The development and vast adoption of transgenic 
hybrids by growers has contributed to the increase in CC hectares in the U.S.  The Economic 
Research Service reported that 85% of all corn planted in 2009 was transgenic (USDA-
Economic Research Service, 2009). 
A high incidence of crop disease results in an unfavorable environment for plant 
growth and thus can decrease grain yield.  Robertson and Munkvold (2007) reported growing 
CC increases the levels of crop residue on the soil surface providing high levels of inoculum 
where crop diseases can flourish.  Increased crop residue levels decrease soil temperature and 
increase soil moisture heightening the risk of soil borne seedling diseases in CC.  Higher 
incidences of foliar diseases and stalk rots and ear rots are common when corn follows corn 
(Robertson and Munkvold, 2007).  Gray leaf spot (GLS), a common foliar disease of corn, 
overwinters on previous-year crop residue.  Planting CC does not provide adequate time, 
unlike a crop rotation, to decompose the previous-year corn residue and eliminate inoculum 
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for overwintering GLS; increasing the likelihood of GLS infestations when corn follows corn 
(Ward et al., 1999). 
Seed companies provide stress emergence and disease ratings for their commercial 
hybrids (Pioneer Hi-Bred Int., 2008; DeKalb, 2008, Golden Harvest, 2008).  Disease ratings 
are provided for several different diseases, but GLS, anthracnose stalk rot, and stress 
emergence are normally used when selecting hybrids to plant in a CC system.  For example, 
Pioneer Hi-Bred (2008) recommends avoiding the planting of hybrids with low GLS ratings 
in CC, but if hybrids with low GLS ratings are desired they should be planted where tillage 
has buried crop residue and inoculum. 
Allelopathy 
Allelopathy, a chemical interference of one plant species by another, has been 
proposed as a possible influence decreasing grain yield of CC.  Allelopathic inhibition 
interrupts specific physiological processes of a crop and can have greater effects in more 
stressful crop environments (Einhellig, 1996).  Corn seedling germination and early-season 
plant growth may be inhibited by allelochemicals produced from previous-year crop residues 
(Martin et al., 1990).    Martin et al. (1990) found that both corn and hay residue extracts 
were detrimental to corn seedling germination, while extracts from oat and soybean did not 
have as great an effect.  In a controlled greenhouse study root and shoot weights were 
reduced when corn was grown in presence of corn residue (Yakle and Cruse, 1983).  The 
study found crop residue placement beside or below the corn seed inhibited root weight, 
while placement above the seed or on the soil surface did not impact root weight.  In a 
similar study Yakle and Cruse (1984) noted that corn residue extract and corn residue and 
soil extract caused significant reductions on root and shoot dry matter yield.  Yakle and 
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Cruse concluded that early-season plant growth was reduced by allelopathic inhibition from 
corn residue.  In contrast, Crookston and Krule (1989) reported that when corn residue was 
incorporated in a field setting, allelopathic inhibitors had no effect on grain yield.  Crookston 
and Kurle concluded that the effects observed in lab studies were due to the use of fresh 
residue while field studies were conducted in residue that had began decomposition the 
previous fall.  
Seeding rates and planting date 
High levels of residue on the soil surface provides higher inoculum levels and cooler 
soil temperatures in CC leading to seedling death resulting in lower final plant populations 
compared to CS (Robertson and Munkvold, 2007; Elmore and Abendroth, 2007 ).  Improved 
corn yields have been attributed to increased stress tolerance including improved tolerance 
when grown under high plant populations (Troyer and Rosenbrook, 1983; Tollenaar and Wu, 
1999; Duvick and Cassman, 1999 ).  Elmore and Abendroth (2007) found populations of 
88,920 seeds ha
-1 
maximized corn grain yields in Iowa.  But final plant populations for CC 
were approximately 4,490 plants ha
-1
 less than those of CS.  It was noted that difference may 
have been due to high amounts of residue in CC, yet yield was not impacted in the study by 
final plant population within each cropping system (Abendroth and Elmore, 2007).   
University of Wisconsin research agrees with the data from Iowa State University: there was 
no interaction between population and rotation sequence (Pedersen and Lauer, 2002).     
Planting date is an important consideration and can influence final grain yield.  Early 
planting dates offer the opportunity to plant longer-season hybrids in cooler temperate 
regions providing the entire growing season to be used (Kucharik, 2008; and Lauer et al., 
1999).  A great deal of research has been conducted to identify optimum planting dates for 
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the Corn Belt (Farnham, 2001a; Lauer et al., 1999; Kucharik, 2006;  Nafziger, 1994;  Perez-
Bidegain et al., 2007; Ramsel, 2001).  Corn planting dates in the central United States are 
two weeks earlier than the late 1970‘s and have been decreasing at 0.48 d yr-1 (Kucharik, 
2006).   The current recommended planting dates for Iowa and Wisconsin range 
approximately from 20 April to15 May, with greater yield loss occurring when corn is 
planted after 15 May, compared to planting prior to 20 April (Farnham, 2001; Lauer et al., 
1999).   
Depending on total hectares, planting date can be especially important in CC. 
Considerations must be made to ensure that all corn can be planted within the recommended 
range of dates.  These considerations include (i) number of corn hectares to be planted, (ii) 
equipment requirements, and (iii) potential weather implications during planting.  The 10-
15% decrease in yield of CC will be compounded if the corn crop is not planted within the 
recommended range of planting dates.  To ensure the entire CC crop can be planted growers 
may need to plant earlier than currently recommended.   Farnham (2001b) and Lauer et al. 
(1999) reported little yield penalty when corn is planted prior to 20 April.  Elmore and 
Abendroth (2009) recently reported planting dates beginning 15 April or earlier result in 95-
100% maximum yield.  Today, commercial hybrids are available that exhibit increased cold 
tolerance and improved seed treatments, which have contributed to earlier planting dates. 
Soil fertility 
 Soil fertility in CC is important due to the increased input costs associated with the 
cropping system compared to corn rotated with other crops.  Higher nitrogen (N) 
requirements coupled with lower yield potential of CC present greater risks associated with 
profit when compared to corn grown in rotation (Stanger et al., 2008).  Researchers report 
12 
 
crops grown in rotation with a legume species have increased levels of soil N compared to 
monoculture systems (Petersen and Varvel, 1989a; Rimbault and Vyn, 1991; Riedell et al., 
1998).    A seven-year study at Iowa State University reported the economic optimum N rate 
(EONR) for CC was 199 kg N ha
-1
,
 
while the EONR for CS was 49 kg N ha
-1
 less or 150 kg 
N ha
-1
(Sawyer, 2008).  The same study reported a 14% lower grain yield in CC compared to 
CS. 
 Copeland and Crookston (1992) reported higher plant tissue concentrations of N, P, 
and K for first year corn compared to CC.  Nutrient concentration differences between CC 
and CS were greater during early vegetative growth and physiological maturity when corn 
followed soybean.  Riedell et al.  (1998) reported improved corn mineral nutrition, dry 
weight, and grain yield when corn was grown in rotation with intermediate nutrient inputs.  
Intermediate nutrient applications were based on yield goal of 5.33 Mg ha 
-1
.  Phosphorus, 
potassium, and calcium plant tissue accumulation were greater in the CS rotation when 
grown under intermediate nutrient inputs.  However, at high-input nutrient levels (yield 
goal=8.53 Mg ha 
-1
) K concentration was the only nutrient found to be greater among the two 
cropping systems. Riedell et al. concluded that crop rotation improved corn mineral nutrition, 
plant dry weight, and grain yield under the intermediate application levels but not at high-
input levels.  Singer and Cox (1998a) reported greater N accumulation after silking, and 11% 
greater yield when corn followed wheat/clover compared to CC.    
Crop management and environment 
 Interactions between crop management and overall growing environment can impact 
grain yield for CC.  Adequate precipitation, warm temperatures, and good management 
practices (i.e. pest and nutrients not limiting) would be considered a good cropping 
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environment.  High and low extremes in precipitation and temperature and poor crop 
management create poor growing environments for corn production.  Continuous corn grown 
under high crop inputs produced comparable yields to that of CS (Riedell et al., 1998).  
Singer and Cox (1998a) reported no yield difference between CC grown under high-chemical 
management and CS grown under both low- and high-chemical inputs, in a chisel tillage 
system.  Results were similar for the same cropping systems under high-chemical 
management grown in a ridge tillage system. However, continuous corn yields were 25% less 
under low chemical inputs compared the high-chemical management system, across all 
tillage systems.   The results indicate that with increased chemical management (fertilizer and 
pesticide) CC yields may increase in comparison to low chemical inputs with CC and CS in 
certain instances.   
Porter et al. (1997a) reported a negative linear relationship between CS vs. CC: as the 
yields of corn increased, the yield advantage of the crop rotation declined.  Under low-yield 
environments (in the lower sixth of all continuous crop yields by location and year) CS yields 
were often 25% greater than those of CC, and generally less than 15% in high-yield 
environments (in the upper sixth of all continuous crop yields by location and year) (Porter et 
al., 1997).  Similar results were observed with annually rotated soybean and soybean grown 
continuously (Porter et al., 1997a).  Barber (1972) found corn grown in rotation with hay 
crops yielded greater than CC, and suggested the yield difference may be due to high and low 
extremes in precipitation and above normal accumulation of growing degree days.  Corn 
yield was positively related to precipitation from late July to early-September, and 
precipitation use efficiency was greater in CS than CC (Wilhelm and Wortmann, 2004).  
Also, corn yield was less when subjected to high temperatures, from 28 May through 19 July. 
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 Prior to planting CC all environmental consequences should be taken into 
consideration.   In an attempt to improve grain yields in CC recommendations of increased 
tillage, increased nutrient applications, and greater pesticide use are common.  Increasing 
both tillage and nutrient applications have the potential to lead to higher levels of soil erosion 
and nutrient runoff as well as high levels of nitrate leaching into groundwater (Di and 
Cameron, 2002).  Raimbault and Vyn (1991) found that wet aggregate stability was greater in 
CC and CS grown under minimum tillage compared to conventional tillage, a common 
tillage practice for CC.  The loss of aggregate stability provides more favorable conditions 
for soil erosion.   A study conducted across Northern Iowa and Southwestern Wisconsin, 
concluded that CC had the greatest negative impact on physical, chemical, and biological soil 
properties compared to other crop rotations (Karlen et al., 2006).  Changes in soil properties 
may influence the yield deficit of CC.  A 40-year study of the effect of CC on soil organic 
matter found that total organic carbon was reduced when compared to native vegetation 
(Saviozzi et al., 1994).  The study concluded that intensive cultivation was a cause of 
decreased soil carbon and may have led to decreased levels of soil fertility.  Soil organic 
matter under the CC system was altered reducing the biological activity of the soil.  Reduced 
biological activity in the soil may be another potential reason for decrease grain yields for 
CC.  
Hybrid selection 
 Hybrid selection is a critical management decision when growing corn, no matter the 
rotation.   Normally, corn hybrids are tested on plots in rotation with other crops and are the 
basis for the following information.  Selecting the appropriate corn hybrid with high yield 
potential can improve the probability of improved grain yield at harvest (Thomison, 2008).  
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Management practices alone will not increase grain yield if the appropriate hybrid is not 
selected.   Instead, intensive management reduces plant stress allowing hybrids to yield 
closer to their genetic potential (Rouse, 2007).  The Ohio State University reported the 
following steps should be taken when selecting a hybrid: (i) select hybrids with maturity 
appropriate for a specific geographic location; (ii) choose hybrids that have produced 
consistently across multiple locations; (iii) select hybrids with good standibility; (iv) select 
hybrids with resistance and/or tolerance to stalk rots, ear rots, and foliar diseases; (v) 
purchase hybrids based on their individual performance data (Thomison, 2008).    
 Selection of the proper maturity for a specific geographic location results in a 
utilization of the entire growing season, occurrence of physiological maturity prior to a 
killing frost, and adequate time for grain drying to occur in the field (Thomison, 2008).  A 
key factor in hybrid selection is finding hybrids that respond well over a wide range of 
environments and consistently over multiple years (Rouse, 2007; Thomison; 2008; 
Bowmann, 1998; Klein et al., 2003).  Yan and Rajcan (2003) reported that two-year data 
predicted better soybean varieties than a single year, however three or more years did not 
improve prediction of varietal performance.  Bowmann (1998) found that both variety and 
hybrid selection improved with two-year multi-location data, except for mid-season corn 
hybrids. 
Hybrid data should be obtained from unbiased testing services, such as a state‘s 
university variety trails or the Farmer's Independent Research of Seed Technologies Trials.  
Performance data from both provide specific hybrid information for regional growing areas 
and results of hybrid performance from multiple locations, and multiple years.   
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Obtaining multiple-year data for hybrids can be difficult due to the high turnover 
rates within variety trials.  Cross and Helm (1986) reported each year half of the hybrids 
entered in Missouri and North Dakota variety trials were new.  The turnover rate of hybrids 
in North Carolina variety trials was reported to be 51% annually (Bowmannn, 1998).  Hybrid 
turnover rates have been rapidly increasing over the past decades, and are going to continue 
to occur at an increasing rate.  This is due to competition between leading seed companies to 
introduce improved hybrids for commercial sale (Duvick and Cassman, 1999).  Also, 
transgenic hybrids are replacing their non-transgenic versions creating higher turnover rates 
of the older hybrids (Duvick and Cassman, 1999).  Duvick and Cassman also reported 
farmers accelerate rapid hybrid turnover; being more profit conscious, they select the newest 
highest yielding hybrids available.   
 When multiple-year data for a hybrid is unavailable single-year multiple location data 
can provide adequate information for hybrid selection.  But selecting based on a single 
location is biased due to soil conditions, environment, weather, and pests, none of which will 
be replicated the following growing season (Rouse, 2007).  The primary goal of multiple-
location testing is to test the hybrid by environment interaction, determine which hybrid 
performed best in an environment, and group the best performers to determine which hybrid 
or hybrids perform best across a wide range of environments (Gauch, 2006).  This technique 
can predict hybrids that have excellent yield potential, over a number of environments.  
Using all information available will aid making good hybrid selections (Rouse, 2007).   
Selecting hybrids for continuous corn 
  Rouse (2007) recommends that hybrid selection for CC be conducted in the same 
manner as selecting for corn in rotation.  Continuous corn selection should be done using 
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multi-year multi-location data or single year multi-location data of corn hybrids tested in 
rotation (Rouse, 2007).  Utilizing multiple environments can provide adequate hybrid by 
environment interactions data. These data can provide helpful insight on a corn hybrid‘s 
ability to perform in a stressful environment, such as CC.  Hybrid selection using multiple 
locations improves selection of hybrids with resistance/tolerance to plant disease (Rouse, 
2007).  Selecting disease resistant or tolerant hybrids in CC is especially important with 
increased levels of disease.  Questions have been raised, however, on whether previous-year 
corn hybrid influences plant growth and grain yield of the current-year hybrid.  The potential 
influence from the previous-year hybrid would not be detected when selecting hybrids for 
CC that were tested on soils in crop rotation.  Researchers have reported positive and 
negative grain yield interactions among previous-year corn hybrid and the current-year 
hybrid as well as decreased grain yield when the same hybrid is grown over multiple growing 
seasons (Hicks and Peterson, 1981; Benson, 1985; Meese et al., 1991; Anderson et al., 1988).   
These reports indicate that hybrid selection based on CS performance trials may not be the 
best predictors of good CC hybrids since they do not account for the possible interaction with 
previous-year corn hybrid.    
Reports from Iowa State University reported previous-year corn hybrid influences on 
the current-year hybrid in CC (Anderson et al. 1988; Sunberg and Anderson, unpublished 
data).  Both reports discussed data from the same experiment, which indicated positive and 
negative influences on grain yield.  They reported a residual effect of a single hybrid‘s 
residue decreasing grain yield of 5 out of 6 current-year hybrids tested, with one hybrid being 
particularly sensitive. Another hybrid‘s residue positively influenced grain yield of five of 
the corn hybrids.  The results of Sunberg and Anderson, (unpublished) showed a 14% 
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decrease in grain yield when hybrid Pioneer 3475 followed hybrid XC754 compared to the 
other four hybrids in the study.   Also, a 4.3% decrease in mean yield was observed when all 
five hybrids followed XC754.  They summarized that certain hybrids are more sensitive to 
CC and may be negatively impacted by the hybrid from the previous growing season. 
Hicks and Peterson (1981) found annual rotation of hybrids improved grain yield.   
Autotoxic effects (decreased grain yield) were observed when the same hybrid was grown 
over multiple growing seasons.  Yields increased 2.5% when hybrids were rotated annually, 
but specific hybrid by environment differences were much greater.  Hicks and Peterson 
concluded that it was beneficial to annually rotate corn hybrids when corn was grown 
continuously, but did not provide strong evidence for their recommendation.  Meese et al. 
(1991) reported a negative response for DeKalb 524 when grown over multiple growing 
seasons in no-tillage CC, while Pioneer 3737 did not respond negatively to continued use in 
CC.  In contrast, Sunberg and Anderson (unpublished data, 1991) did not find a decrease in 
grain yield when the same hybrid was grown continually over several years. 
Root and plant biomass when corn follows corn 
 Corn has a fibrous root system allowing it to explore a large soil area and penetrate 
deep into a soil profile.  Corn roots regularly penetrate two meters deep in prairie soils 
(Kramer and Boyer, 1995).  Proliferation of the fibrous root system and root hairs allow corn 
roots to maximize the surface area in contact with the soil maximizing absorption (Taiz and 
Ziger, 2006).  Corn is comprised of two different root systems, the seminal and nodal roots. 
The seminal roots supply the developing plant during the early stages of growth.  The nodal 
roots become the primary root system when the sixth leaf is present, approximately, and 
remains the primary root system until physiological maturity (Ritchie et al., 1993).  Above 
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ground plant growth is comprised of two different developmental stages, vegetative (V) and 
reproductive (R) stages (Ritchie et al., 1993).  The corn plant will grow through the V stages 
from emergence to tasseling (VE-VT).  Following VT, the plant begins the reproductive 
stages (R1-R6) of growth,   beginning with silking (R1) and completing dry matter 
accumulation at physiological maturity (R6). 
Measuring above ground biomass is common with root studies; this allows 
comparisons of root to shoot ratios, overall plant performance, and biological yield.  During 
the growing season above ground biomass accumulation for corn follows a curve-linear 
increase until physiological maturity (Mengel and Barber, 1974a; Chaudhary and Prihar, 
1974; Mengel and Barber, 1974b; Tollenaar and Migus, 1984).  Literature is limited 
reporting measured values of root biomass, and even fewer report measurement throughout 
the life cycle of the corn plant (Amos and Walters, 2006).  A large portion of the variation in 
the root values reported in the available literature may be due to the sample techniques 
employed, spatial variability of root distribution, and errors inherent in scaling point 
measurements to whole plant values (Amos and Walters, 2006).  Corn root growth patterns 
appear to follow a quadratic growth response during the growing season, unlike that of the 
above ground biomass.  Mengel and Barber (1974b) reported rapid root growth for the first 
75 days (VT-R1) of plant growth; it then remained constant for approximately 14 days, 
followed by a rapid decrease.  Similar results were observed by Mengel and Barber (1974b).  
These studies indicate root mass is greatest between VT and R2.  Following the R2 growth 
stage root growth decreases rapidly until R6, when plant dry matter accumulation is 
complete.  Mid-season root decay is common in a number of plants.  Total root length 
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measurements reported rapid root decay after midseason growth of soybean, sunflower, 
safflower, canola, crambe, dry pea, and dry bean (Merrill et al., 2002).   
A greenhouse study found different corn genotypes vary in their individual root 
morphology (Costa et al., 2002).  Three genotypes, including leafy normal stature (LNS), 
leafy reduced stature (LRS), and a conventional hybrid varied in root length and total root 
surface area at silking (R1). Root length and surface area were similar for LNS and LRS but 
were 2.9 and 3.3 times greater than those of the conventional hybrid at silking (R1), 
respectively.  Differences in root morphology for corn genotypes may explain why hybrids in 
CC respond differently to previous-year corn hybrids.  
Root function 
 Hammer et al. (2009) concluded that changes in root system architecture and water 
capture have accounted for more of the historical yield increases of corn than changes in the 
plant canopy.  Plant roots serve two major functions: plant anchorage and the acquisition of 
soil based resources (Fitter, 2002).  Plant roots anchor the above ground plant to withstand 
wind, rain, and grazing animals (Fitter, 2009).  Plant populations for corn have steadily 
increased over time, while root lodging has decreased during the same period, indicating a 
more prolific root system providing better anchorage under high plant populations (Duvick 
and Cassman, 1999).   Single roots can withstand pulling forces up to 10 kPa without roots 
hairs, while single roots with actively growing root hairs can resist up to 50 kPa (Gregory, 
2006).  The ability to withstand such great pulling forces was first hypothesized to be a by-
product of a root‘s ability to absorb water and nutrients (Gregory, 2006).  However, it is now 
realized that the need for anchorage has influenced the overall size and shape of root systems 
(Gregory, 2006). 
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 The second major function of a root system is absorption of soil based resources used 
for biomass accumulation of both roots and shoots.   The above ground plant tissue captures 
only light, carbon dioxide, and some water; while the root system absorbs water and nutrients 
for the entire plant system (Gregory, 2006).  Water absorption by roots is a passive action; 
water potential of plant is normally more negative than a soil‘s water potential due to 
transpiration (Taiz and Zeiger, 2006).  A more negative plant water potential allows water to 
flow from a region of high water concentration (soil) to a lower concentration of water (plant 
root) (Taiz and Zeiger, 2006).  Nutrient absorption form soil to root is accomplished with 
mass flow and diffusion (Gregory, 2006).  Nutrient availability and absorption are also 
dependent on soil pH (Tiaz and Ziger, 2006; Gregory, 2006).  
  Root systems are exposed to heterogeneous environment, soil moisture, soil 
temperature, and nutrient concentration (Fitter, 2002; Pages, 2002).  Root systems can react 
to the ever changing environment and are said to have phenotypic plasticity.  The concept of 
phenotypic plasticity is an organism‘s ability to change its physiology or morphology in 
response to surrounding environmental changes (Schlichting, 1986).  A strong response areas 
of high fertility resulting in a strong growth response to resource supply is an example of 
phenotypic plasticity (Fitter, 2002).  Campbell et al. (1991) measured root growth by 
dripping high and low nutrient concentrations into four separate quadrants without barriers, 
into a bowl filled with sand.  All plant species used in the experiment had greatest root 
growth where the highest concentration of nutrient was applied (Campbell et al., 1991).  If 
differences in root morphology exist between corn cropping systems phenotypic plasticity 
may provide some explanation to the differences.       
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Root sampling methods 
 Root systems are a vital part of plant growth, but root research has not been as 
intensive when compared to above ground biomass studies.  Root research under true field 
conditions is extremely laborious and time consuming (Nickel et al., 1995).  Root sample 
variability and/or adequate sample size make root research in the field difficult (Polomski 
and Kuhn, 2002).  Many root studies have been done in laboratory settings to decrease the 
issues with time and sample variability, but the laboratory is unable to mimic field conditions 
(Polomski and Kuhn, 2002).  Multiple methods for field and laboratory root research exist, 
and selection of a specific method is dependent on the experiment in question.  Most root 
research in a laboratory only concentrates on early plant growth and development, including 
emergence through the early vegetative stages (Yakle and Cruse, 1983; Yakle and Cruse, 
1984).  Laboratory studies may not relate to final grain yield suggesting that full season in-
field root growth research is needed for comparison to final grain yield (Amos and Walters, 
2008) 
 Root excavation is the primary method used for research in field.  Excavation of the 
root system provides the ability to measure root length, diameter, weight, volumes, and/or 
counting of specific root parts (Polomski and Kuhn, 2002).  It is best done by relating data to 
per unit substrate (root mass to soil volume), or relating them to other soil properties (soil 
moisture or depth of soil compaction) (Polomski and Kuhn, 2002).  Soil block sampling is 
one method of root excavation; it allows for root mass to be calculated and provides a 
detailed view of the bulk root system (Polomski and Kuhn, 2002).  Soil blocks are obtained 
by digging and removing a specific sized column of soil (Polomski and Kuhn, 2002).  
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Studies by Al-Kaisi and Grote (2007) and Chaudhary and Prihar (1974) are examples of the 
soil block method. 
 Soil core sampling is another method of root sampling.  Soil core samples are 
frequently used for estimating the spatial distribution and the volumetric relation of fine roots 
(Polomiski and Kuhn, 2002).  Soil cores are obtained with equipment that will drill, press, or 
push a steel tube into the soil; the roots in the soil core are then washed and measured.  The 
soil core method requires an experimental design that will allow equipment to enter and leave 
the field without destroying the surrounding crop (Polomski and Kuhn, 2002).  Also, as the 
plants become larger it can be more difficult to obtain the soil cores required for observation.  
Mengel and Barber (1974) used the core sampling method with 30 cm diameter by 30 cm 
deep for early-season samples.  Late-season samples were obtained with a Giddings 
hydraulic soil probe to obtain a 75 cm deep probe with 7.65 cm diameter (Mengel and 
Barber, 1974).  Al-Kaisi and Grote (2007) also used the soil core method to obtain root 
samples. 
 Minirhizotron and rhizotron tubes are a nondestructive method of root measurement 
under field conditions (Polomski and Kuhn, 2002).  These are transparent tubes inserted into 
the soil in an area were root growth will occur the area can then be scanned with a video-
processing system storing the images for measurement (Polomski and Kuhn, 2002).  Dubach 
and Russelle (1995) reported that the labor required for editing of the video images can limit 
the effectiveness of the process.  
Corn roots in rotation  
 Limited information exists on the root systems of corn grown continuously or in 
rotation.  Crookston and Kurle (1989) concluded that the yield deficit with CC compared to 
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CS was not due to autotoxic compounds produced in above ground corn residue.  Results 
from a rotation study in Minnesota concluded that the yield benefit in the CS rotation was not 
due to decreased foliar pathogens (Whiting and Crookston, 1992).   Copeland and Crookston 
(1992) reported higher concentrations of N, P, and K in first corn compared CC.  It was 
hypthosized based on the two previously mentioned studies that root function increased 
under the CS rotation compared to CC (Nickel et al., 1995).  
 Using soil cores, during early vegetative growth, a greater root length density near the 
soil surface was found to exist with continuous corn than corn planted after five consecutive 
years of soybean (Nickel et al., 1995).  Minirhizotron images revealed that continuous corn 
had a greater average of total roots near the soil surface than first year corn.  However, at 
deeper soil depths the images showed a greater average of total roots for first-year corn 
compared to continuous corn.  These differences were attributed to possible allelopathic 
effects encountered several centimeters below the plow layer within the continuous corn 
plots (Nickel et al,. 1995).  The root length density was the same at flowering between the 
cropping sequences.  More roots deeper in the soil profile may have increased water and 
nutrient availability for first-year corn (Nickel et al,. 1995).   
 Nickel et al. (1995) theorized that autotoxic compounds did play a role in lowering 
grain yields and constricting root growth with CC deeper in the soil profile.  They concluded 
that compounds from previous-year corn residue had leached deeper into the soil profile and 
did not inhibit early-season root development.  However, later season root growth was 
suppressed by allelopathic compounds present at greater soil depths. 
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Economics 
 Profit is the primary goal of agricultural producers.  Duffy and Smith (2009) at Iowa 
State University estimated crop production costs of CC to be $1989 ha
-1
 compared to $1870 
ha
-1
 for the CS rotation with a final yield goal of 10.3 Mg ha
-1
.  Stanger et al. (2008) reported 
the CS rotation generated $145 ha 
-1 
greater net return more than CC at 112 kg N ha
-1
.  When 
grown under higher inputs, 224 kg N ha
-1
, and average return was $82 ha 
-1
 greater for the CS 
rotation.  Singer and Cox (1998b) concluded the CS rotation had a 23% greater net return and 
22% lower production costs when compared to CC.   
 Stanger et al. (2008) concluded that the CS rotation carried the least amount of risk 
and was most profitable and financially sound rotation.  However, when inputs were 
increased (224 kg N ha
-1
) the risk associated with CC was reduced due to increased grain 
yield.   Farmers must select cropping systems based on projected market returns and all risks 
associated with a specific cropping system (Young and Westcott, 1996).  Profitability of CC 
can only be measured by the individual grower based on: the risk the individual is willing to 
take, financial stability, yield, and market price (Stanger et al., 2008).    
Conclusions 
 Developing improved CC recommendations for corn growers throughout the Corn 
Belt should be a primary goal of researchers.  Multiple long-term studies have provided solid 
evidence that CC yields less than CS, and that yield lag of CC will continue.  The factors 
influencing the decreased grain yield are numerous and overall appear to interact with one 
another.  However, with greater market demand for corn it is likely that CC will continue to 
be a common practice in regions where corn production is prevalent.  Producers continue to 
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implement a CC rotation making research on CC vital to improve both production and 
sustainability of the system. 
 Research has shown that improved production management of CC is imperative to 
sustain current yield levels.  One management topic that is limited is the understanding of the 
influence of the previous-year corn hybrid on current-year hybrid performance. This thesis 
will attempt to address the impact of previous-year corn hybrid on plant population, grain 
yield, grain moisture for current-year hybrids. Plant biomass and root biomass will also be 
measured to understand if previous-year hybrid and/or rotation influence changes in plant 
and root morphology. 
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Chapter 3: Corn hybrid response to previous-year corn hybrid and 
cropping system 
A paper in preparation for Agronomy Journal 
Wade A. Kent, Roger W. Elmore, and Lori J. Abendroth  
Abstract 
 Grain yields decrease when corn (Zea mays L.) follows corn compared to corn grown 
in rotation with other crops.  The factors that decrease grain yield of corn following corn are 
not well understood, and limit recommendations available to corn growers.  Our objectives 
were to determine (i) if plant population, moisture, and yield of 2
nd
 year corn are affected by 
the previous-year‘s corn hybrid, (ii) evaluate if continued use of single hybrid over two 
growing seasons influences grain yield, and (iii) compare 2
nd
 year corn yields to corn grown 
in rotation with soybean.  The experiment was conducted at six Iowa locations in 2008 and 
2009; three locations were in the Northern region of Iowa and three in the south.  Three corn 
hybrids were planted in 18 m
2
 blocks as the main plots in the first year, followed by 12 
hybrids planted on each of the main plots in the second year.  The same 12 hybrids were 
planted into a nearby field on soybean residue at each location in 2008, but established as a 
main plot for 2009.  Plant population was not influenced by the three previous-year corn 
hybrid.  Plant populations were greater when corn followed soybean compared to 2
nd
 year 
corn.  Grain moisture content was not influenced by crop rotation or previous-year corn 
hybrid.  Previous-year corn residue did not impact grain yield of the current-year hybrid, and 
the continued use of single hybrid over multiple growing seasons showed no influence on 
grain yield.  Cropping system influenced grain yield in 2009, within both regions.  Second-
year corn yields were 11% and 14% less in the north and south regions, respectively, 
compared to corn rotated with soybean.  Previous-year corn hybrid did not influence plant 
population, grain yield, or grain moisture. 
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Introduction 
Changes in government policy, improved pesticides, favorable economics, and the 
development of transgenic hybrids have encouraged producers to grow more corn (Zea mays 
L.) following corn (Porter et al., 2003; Ahmad et al., 2006).  Elevated market demand for 
corn can be attributed in part to greater ethanol production in recent years (Erickson and 
Lowenberg-DeBoer, 2005).  In 2007, the National Agriculture Statistics Service reported a 
19% increase in corn hectares in the United States, the largest increase since 1944 (USDA-
National Agricultural Statistical Service, 2007).  Since 2007, corn hectares have decreased by 
approximately 8% for 2008 and 2009, but have remained above the 2000-2006 planted 
hectares. 
Long-term studies report that a 10-15% decrease in grain yield is common for corn 
planted continuously compared to corn grown in rotation with other crops (Benson, 1985; 
Edwards et al., 1988; Crookston and Kurle, 1989; Crookston et al., 1991; Porter et al., 1997; 
Singer and Cox, 1998; Pedersen and Lauer, 2003; Stanger et al., 2008).  Studies in four states 
reported yield reductions: 13% in Minnesota, 12-17% in Wisconsin, 11% in Nebraska, and 
14% in Alabama (Porter et al., 1997; Pedersen and Lauer, 2002; Pedersen and Lauer, 2003; 
Peterson and Varvel, 1989; Edwards et al., 1988).  Porter et al. (1997) reported the percent 
yield advantage of rotated corn to continuous corn diminished as corn yields increased in 
over 29 environments.  In low-yielding environments, (in the lower sixth of all continuous 
crop yields by location and year) rotated corn often showed a yield advantage greater than 
25% compared to continuous corn, however, the yield advantage decreased to less than 15% 
within high yield environments (in the upper sixth of all continuous crop yields by location 
and year). In rotation, the greatest decrease in grain yield relative to the year prior occurs in 
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the 2
nd
 year of corn. (Crookston et al., 1991; Katsvario and Cox, 2000; Meese et al., 1991; 
Porter et al., 1997; Pedersen and Lauer, 2003).  Researchers in Minnesota and Wisconsin 
reported 2
nd
 year corn yields were 10 to 15% lower than first year corn following five 
consecutive years of soybean, [Glycine max (L.) Merr.] and corn annually rotated with 
soybean.  (Porter et al., 1997; Pedersen and Lauer, 2002; Pedersen and Lauer, 2003).  No 
yield difference was observed between the 2
nd
, 3
rd
, 4
th
, and 5
th 
years of corn compared to 
continuous corn. 
Numerous factors have been proposed as causal agents for the yield deficit associated 
with corn following corn, making specific crop management recommendations difficult.  
Management practices most researched include tillage, soil fertility, disease management, 
allelopathic inhibition and hybrid selection.  Corn grain yields are greater when corn 
following corn is grown under conventional tillage compared to a no-tillage system; the 
difference assumed to be caused by the increased residue cover and cooler soil temperatures 
associated with no-tillage (Meese et al., 1991; Pedersen and Lauer, 2003).  Increased 
nitrogen (N) inputs will not overcome the yield deficit experienced by corn following corn.  
Peterson and Varvel (1989) reported corn rotated with soybean produced greater yield than 
continuous corn at three different nitrogen (N) rates: 0, 90, 180 kg N ha
-1
.  Sawyer (2008) at 
Iowa State University reported the economic optimum N rate was greater for corn following 
corn than corn rotated with soybean.  Forty-six site years over eight years (2000-2007) 
illustrated that corn following corn on average yielded 14% less and required 49.3 kg N ha
-1
 
more than corn grown in rotation with soybean.   Stanger et al. (2008) reported the greatest 
grain yields occurred at 224 kg N ha
-1 
for corn following corn compared to 0, 56, and 112 kg 
N ha
-1
; still grain yields were greater at all four N rates when corn followed soybean.   
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Greater levels of N, P, and K were found in the plant tissues of corn following soybean 
compared to continuous corn, even when both crops were grown under adequate soil fertility 
levels (Copeland and Crookston, 1992).  These results indicate improved nutrient uptake 
when corn is rotated with soybean compared to corn following corn, possibly due in part to 
improved root function (Nickel et al., 1995).   
Decreased soil temperatures and high soil moisture are common when corn follows 
corn, due to increased levels of crop residue, and normally leads to a higher incidence of 
seedling diseases (Robertson and Munkvold, 2007).  Crop residue increases the risk of foliar 
diseases due to higher inoculum pressure where certain corn pathogens can overwinter.  Corn 
seedling germination and early-season plant growth may be inhibited by alleochemicals 
produced from previous crop residues (Martin et al., 1990).    Martin et al. found both corn 
and hay residue extracts were detrimental to corn seedling germination, while extracts from 
soybean and oat did not have as negative of an effect on germination.  Corn seedling shoot 
and root weights were reduced following applications of corn residue water extract compared 
to water only (Yakle and Cruse, 1984).  Both studies were limited in that they were 
laboratory studies without field comparisons, concentrating only on early season growth, so 
the allelopathic effects on grain yield were not measured. 
Hybrid selection, specifically selecting hybrids that yield well across a wide range of 
environments, will improve yield potential for corn following corn and corn rotated with 
soybean (Rouse, 2007; Thomison, 2008; Bowmann, 1998; Klein et al., 2003).  A common 
misconception is that hybrid performance data for corn following corn differs from hybrid 
performance data obtained when corn is grown in rotation in hybrid performance trials 
(Rouse, 2007).  Hybrid selection recommendations for corn following corn hybrids is best 
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accomplished using multi-year, multi-location data or single-year, multi-location data of corn 
hybrids grown in rotation with soybean (Rouse, 2007; Yan and Rajcan, 2003; Bowmann, 
1998).  
However, researchers have noted negative interactions between the previous-year‘s 
hybrid residue and the current-year hybrid when corn is grown in continuously.  Hicks and 
Peterson (1981) noted possible autotoxic effects (decreased grain yield) when the same 
hybrid was grown over several growing seasons.  The mean yield of four environments 
increased 2.5% with hybrid rotation, but individual hybrid by environment differences 
ranged from -0.68 to 1.80 Mg ha
-1
for the four environments.  Hicks and Peterson concluded 
that it was beneficial to rotate corn hybrids annually when corn was grown continuously but 
did not provide strong support for their recommendation.  In contrast, Sunberg and Anderson 
(unpublished data, 1991) did not report decreased grain yield when the same hybrid was 
grown over several seasons; however, negative hybrid interactions with previous-year 
residue were reported by Anderson et al. (1988) and Sunberg and Anderson (unpublished 
data, 1991).  Both Anderson et al. (1988) and Sunberg and Anderson (unpublished data, 
1991) discussed data from the same experiment, which indicated positive and negative 
influences on grain yield.  They reported a residual effect of a single hybrid decreased grain 
yield of 5 of the 6 hybrids, with one hybrid being particularly sensitive. Another hybrid 
positively influenced grain yield of the other five hybrids.    
Information is limited on the influence of the previous-year hybrid‘s effect on crop 
performance in the current-year.  The increased demand for corn has led to more corn 
following corn, creating more need for improved production recommendations.  
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Understanding possible influences of the previous-year hybrid is critical for the improvement 
of the overall management of corn following corn with modern hybrids.   
We were interested in confirming if previous-year hybrids negatively impacted grain 
yield of current-year hybrids.  Our experimental objectives were to (i) investigate if plant 
population, grain moisture, or yield of second year corn is affected by the previous-year corn 
hybrid, (ii) evaluate how the continued use of single hybrid over two growing seasons 
influences grain yield, and (iii) compare second year corn yields to corn grown in rotation 
with soybean.  The overall goal of this experiment is to develop improved management 
recommendations for corn growers interested in growing corn following corn.  
Materials and Methods 
 The experiment was conducted at six Iowa locations in 2008 and 2009 (Table 1).  The 
location in southwest Iowa was moved in 2009 from Lewis, IA, to Greenfield, IA (Table 1).  
Each location required one prior site year (2007 or 2008) for establishment.  The 
experimental design was a randomized complete block in a split-plot arrangement with three 
or four replications, depending on year and location.  In 2007, three hybrids were planted in 
18 m
2
 blocks as the main plots; 12 hybrids were planted on each of the main plots in 2008.  
The same 12 hybrids were planted into a nearby field on soybean residue at each location in 
2008, providing a rotation comparison. The same split-plot experimental design was used in 
2008 and 2009, except soybean plots were established as an additional main plot for the 2009 
plots, at all locations.   
Soil series and texture for individual locations are displayed in Table 1.  
Recommended university management practices for optimum production were followed.  
Fall tillage was performed at all locations except Nashua in 2008 and Crawfordsville in 2009 
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when weather conditions the previous fall prohibited tillage (Table 2).  Spring tillage was 
accomplished with field cultivation at all locations in 2008 and 2009 (Table 2).  The 2008 
soybean plots, at all locations, were tilled in the spring with a field cultivator; no fall tillage 
was performed.  All locations received a minimum of one herbicide application for grass and 
broadleaf control (Table 2).  A pre-emergence and/or post emergence herbicide was used at 
all locations (Table 2).  Neither glyphosate nor glufosinate were used as pre- or post-
emergence herbicides due to different hybrid herbicide tolerances with the individual 
hybrids.  Herbicide applications were applied based on individual farm managers‘ 
recommendations at each location.  Volunteer corn was controlled with hand weeding at 
locations where it was an issue.  Nitrogen applications were designed to ensure that N was 
not a yield-limiting factor.  Applications of P and K fertilizer were made based on individual 
farm managers‘ recommendations for individual locations.   
Planting occurred between late April and mid-May across locations, and harvest 
occurred from late October into early November in 2008 and 2009 (Table 2).  Split-plots 
were planted with an Almaco cone planter (Allen Machine Co., Nevada, IA) at 4 rows wide 
and 4.7 m in length with 76 cm row spacing.  Seeding rates for all locations were 86,450 
seeds ha 
-1
.  Harvest was completed using an Almaco Plot Combine (Allen Machine Co., 
Nevada, IA).  Residue measurements were obtained for 2
nd
 year corn plots and corn 
following soybean after planting. Individual location residue measurements were combined 
by region and averaged.  Corn data collected included grain yield, grain moisture, and mid-
season plant populations.  Grain yields were adjusted to 15% moisture content.   
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Hybrid Selection 
 The main plots established during the first site year were three DeKalb (Monsanto 
Co., St. Louis, MO) hybrids (Table 3 and 4); the three main plot hybrids and 12 split-plot 
hybrids were chosen with appropriate relative maturity (RM) for each region (North and 
South) (Table 3 and 4).  DeKalb (Monsanto Co., St. Louis, MO), Pioneer Hi-Bred 
International (DuPont Co., Johnston, IA), Syngenta (Syngenta, Wilmington, DE), and NC+ 
(Channel Bio Corp., Hastings, NE) each provided three different hybrids used in the split-
plots for each region (Table 3 and 4).  Four of the main plot DeKalb hybrids were different 
from the DeKalb hybrids used within the split-plots, but were from the same hybrid families, 
providing a comparison of how related DeKalb hybrids responded when grown over two 
growing seasons.  Hybrid selection criteria for each company were: one hybrid highly suited 
for corn following corn (1), one hybrid suited for corn following corn (2), and one hybrid not 
recommended for corn following corn (3) (Tables 3 and 4).  DeKalb and Pioneer-Hi Bred did 
not supply a hybrid for the third criteria, for reasons not known.  Companies used stress 
emergence scores, gray leaf spot scores, anthracnose stalk rot scores, and company 
understanding of their individual hybrids based on their own performance data of their 
hybrids when selecting for our given criteria.  Additionally, we asked the companies to insure 
that the three hybrids they provided were from different families.  All hybrids were herbicide 
tolerant (Table 3 and 4), European corn borer (Ostrinia nubilalis) resistant, and corn 
rootworm (Diabrotica spp.) resistant. Main plot establishment in 2008 included a 2.1 
maturity soybean (Tables 3 and 4), Asgrow 2108, within both regions.  Soybean cultivars 
varied in 2007 at all locations (data not shown).   
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Weather Data 
 Long term climatic data (1977-2007) were obtained from the Iowa Environmental 
Mesonet (IEM, 2009) data base from weather recording stations within 26 km of all locations 
(Figs. 1 and 2).  Seasonal climate data was compiled using the High Plains Regional Climate 
Center (HPRCC, 2009) data base (Figs. 1 and 2).  Daily maximum and minimum 
temperature were recorded within 2 km of all locations.  Individual locations were combined 
by region and climate data averaged for the Northern and Southern regions. 
Statistical analysis and calculations 
 Statistical analysis was performed using the GLIMMIX Procedure of the Statistical 
Analysis System (SAS Institute, Cary, NC). A LSD (α=0.05) was used to separate means.  
Differences mentioned are at P ≤ 0.05, unless otherwise indicated.  Due to the difference in 
experimental design between 2008 and 2009, each year was analyzed and reported 
separately. Previous-year corn hybrid was considered a main effect.   Locations were 
combined based on regions of the state: North and South (Table 1).  All locations within each 
region had the same previous-year corn hybrid and the same 12 current-year hybrids.  
Locations did not respond in a similar manner; however, due to experimental design and all 
hybrids being the same within each region, locations were combined, providing a greater 
inference space for the results presented.  The percent yield difference of crop rotation was 
calculated using the same method that of Porter et al. (1997): the yield difference between 
corn following soybean and 2
nd
 year corn, divided by the yield of the 2
nd
 year corn, 
multiplied by 100.   
A ratio was calculated for the individual current-year hybrids within each cropping 
system to measure ‗consistency‘ across different environments (Tables 7 and 8).  The 
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comparisons indicate whether a specific hybrid responds well in one and/or both cropping 
systems.  Means were calculated individually for 2
nd
 year corn and corn following soybean 
for 2008 and 2009 (Tables 7 and 8).  Maximum yield was based on the highest yielding 
hybrid within each cropping sequence for region and year.  The ratio to measure consistency 
was calculated by dividing the percent maximum of 2
nd
 year corn by corn following soybean 
for each hybrid.  Current-year hybrids with values greater or equal to one performed the same 
or better in 2
nd
 year corn than when grown in a corn-soybean rotation.  Hybrids with values 
less than one are considered an inconsistent hybrid when grown in 2
nd
 year corn. 
Results and Discussion  
Weather Conditions 
 The 2008 growing season (Figs. 1b and 2b) had higher than average precipitation 
from mid-May into June, across the entire state.  August precipitation was below average for 
the Southern region (Fig. 1b).  Precipitation for the Northern region was below average for 
July and August during pollination and early grain fill (Fig. 2b). Overall, total precipitation 
was 208 mm and 28 mm greater than the South and North 30-year averages, respectively.  
Southern region air temperatures were slightly below average for July and August (Fig. 2a). 
Air temperature in the North was slightly below the 30-year average for most of the growing 
season (Fig. 3a).  The Ames location was severely damaged from hail on July 29, 2008 
during pollination, with approximately 35-40% leaf shredding throughout all plots.  All 
Northern locations were severely stalked lodged by wind in late October, one week prior to 
harvest.  Damage was greater than 50% at all northern locations, possibly causing harvest 
loss. 
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 In 2009, the Southern region received above normal precipitation in June and August 
(Fig. 1b), while the Northern region had below normal precipitation for much of the growing 
season (Fig. 2b).  The entire state had above normal precipitation in October (Figs. 1b and 
2b).   Total precipitation was 61mm and 45 mm less greater than the 30 year averages for the 
Southern and Northern regions of the state, respectively.  Air temperatures for 2009 were 
below average for much of the growing season (June-August and October) across the entire 
state (Figs. 1b and 2b).  The cool growing season slowed plant development; all three 
northern locations and Ames were subjected to freezing temperatures approximately one 
week prior to reaching physiological maturity.  The 2009 Crawfordsville location was 
discarded due to heavy precipitation during late May and early June resulting in variable 
plant development.  Two main plots were also discarded at Ames due to poor soil drainage.  
Gray leaf spot and eye spot were identified at all Northern locations and Ames but were 
variable and below threshold across all treatments.   
Plant population 
2008 
 Previous-year corn hybrid did not affect plant populations for either region (Tables 5 
and 6).  Although no valid statistical comparisons are possible, plant populations of 2
nd
 year 
corn in the Northern region were similar to corn following soybean, 86.0 x 10
3
  plants ha
-1
 
and 86.2 x 10
3
  plants ha
-1
, respectively (Table 5).  The same comparison for the Southern 
region found an average plant population for 2
nd
 year corn of 82.3 x 10
3
 plants ha
-1
 and 86.0 
x 10
3
 plants ha
-1
 for corn following soybean (Table 6).  Residue levels were greater for 2
nd
 
year corn compared to corn following soybean.  Average residue levels for 2
nd
 year corn 
were 46% and 41% for the Northern and Southern regions, respectively.  Corn following 
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soybean residue levels was less averaging 19% and 21% for the Northern and Southern 
regions, respectively.  These differences may account for the differences in plant population, 
due to greater seedling death in 2
nd
 year corn (Abendroth and Elmore, 2007; Robertson and 
Munkvold, 2007).  Plant population differences were found between the 12 current-year 
hybrids grown within both Iowa regions (Tables 5 and 6).  Hybrid NC+ 3583 had the lowest 
plant population of the 12 current-year hybrids (83.5 x 10
3
  plants ha
-1
), and was 3.2% less 
than the median plant population (86.3 x 10
3
  plant ha
-1
) for the Northern region; however 
NC+ 3583 did not produce the lowest grain yield (Table 5).  The greatest plant population 
occurred with NC+ 3613 (87.9 x 10
3
 plants ha
-1
) and was 1.8% greater than the median plant 
population for the Northern region.  Hybrid NC+ 3943 was 4.8% less than the median plant 
population (82.8 x 10
3
 plants ha
-1
) for the Southern region.  The highest plant population, 
DKC 60-18, was 3.1% greater than the median plant population for the Southern region with 
a final grain yield greater than that of NC+ 3943.  In general, plant population was not a 
factor for final grain yield for either region in 2008 (Tables 5 and 6).  No previous-year corn 
hybrid by current-year hybrid interaction occurred in the plant population analysis. 
2009 
Plant populations for corn following soybean were higher than corn following two of 
the three previous-year corn hybrids in the Northern region (Table 5). In the Southern region 
corn following soybean had 90.0 x 10
3
 plants ha
-1
 compared to that of all the previous-year 
hybrids averaging 88.5 x 10
3
 plants ha
-1
 (Table 6).  Plant populations were higher than the 
seeding rate (86.5 x 10
3
plants ha
-1
) likely due to volunteer corn in the row that was not 
removed during the first hand weeding.   The volunteer corn was removed with a second 
handing weeding prior to harvest, but stand counts were not retaken.  Average residue levels 
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for 2
nd
 year corn were 40% and 45% for the Northern and Southern regions, respectively.  
Corn following soybean residue levels was less averaging 22% and 23% for the Northern and 
Southern regions, respectively.  These differences, similar to 2008, may account for the 
differences in plant population between cropping systems due to greater seedling loss in 2
nd
 
year corn.  Current-year hybrids varied in population across both regions of the state; in the 
Northern region final plant population‘s ranged from 10% less to 4.6% greater than the 
median plant population (84.5 x 10
3
  plant ha
-1
).  Hybrid NC+ 4252 had the greatest grain 
yield in 2009 (Table 5), but final plant populations were slightly below the median plant 
population.  The Southern region ranged from 3.3% less to 0.3% greater than the median 
plant population (89.3 x 10
3
 plants ha
-1
).  The greatest grain yield for the Southern region 
occurred with DKC 61-69 (Table 6), which produced plant populations slightly below the 
median population. In general the Northern and Southern region grain yields for current-year 
hybrids were not influenced by plant population.  No previous-year corn hybrid /rotation by 
current-year hybrid interaction were found for either region.     
Plant populations associated with corn following soybean vs. 2
nd
 year corn were 
greater but not directly related to yield in 2008 and 2009, which is similar to the results of 
Abendroth and Elmore (2007). They reported final plant populations for corn following corn 
less than corn following soybean; plant population differences were speculated to be due to 
high amounts of residue.  Pedersen and Lauer (2002) concluded that final plant populations 
of corn following corn or corn after soybean does not affect final grain yield within either 
rotation.  Increasing plant populations in 2
nd
 year corn to compensate for plant stand loss will 
increase plant stands and yield slightly, but will not overcome the yield difference associated 
with 2
nd
 year corn.   
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Grain moisture 
2008 
 Previous-year corn hybrid did not influence grain moisture within either region in 
2008.  Average grain moisture content for 2
nd
 year corn in the Northern and Southern regions 
were 19.6% and 20.2% (Tables 5 and 6), respectively.  Average grain moisture for corn 
following soybean was 20.3% and 20.1% (Tables 5 and 6) for the Northern and Southern 
regions, respectively.  Current-year hybrids varied in their grain moisture for both regions.  
Relative maturity may contribute for some of the variation in grain moisture for current-year 
corn hybrids.   Grain moisture ranged from 18.8% to 22.2% in the Northern region and 
19.1% to 22.1% for the Southern region.   The longest maturing hybrid NC+ 4252 (Table 3) 
had the greatest grain moisture of the 12 Northern region hybrids (Table 5), 11.3% greater 
than the median grain moisture (19.7%) for the Northern region.  The earliest maturing 
Northern region hybrid, Pioneer 37Y14 (Table 3) was 4.6% below the median grain 
moisture. Pioneer 34F29 (Table 6), an earlier maturing hybrid for the Southern region (Table 
4), was 5.9% less than the median grain moisture for the Southern region (20.2%).  In the 
Southern region DKC 63-74 and GH 9145 were the latest maturing hybrids (113 day RM); 
the median grain moisture was 20.2 %( DKC 63-74) while GH 9145; was 5.4% greater than 
the median.  No previous-year corn hybrid/rotation by current-year hybrid interaction 
occurred within either region for grain moisture in 2008. 
2009 
 Grain moisture was not influenced by previous-year corn hybrid within either region 
in 2009; however, results for both regions indicated differences in grain moisture content 
among current-year hybrids (Table 5 and 6).  Moisture content for the Northern and Southern 
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regions ranged from 26.2% to 33.5% and 21.0% to 24.0%, respectively.  Hybrid NC+ 4252 
(Tables 3 and 5), the longest maturing hybrid for the north was 3.9% greater than the median 
grain moisture (29.2) for the Northern region.  Pioneer 37Y14 was 2.8% less than the median 
grain moisture and had one of the lowest moisture contents (26.4%) for the Northern region.  
The Northern region had exceptionally high grain moisture content compared to the southern 
part of the state; the Northern region had 6.4% higher moisture content on average compared 
to the Southern region (29.2% vs. 22.8%).   In the Southern region, DKC 61-69 was 8.3% 
below the median grain moisture (22.9%) for the Southern region.  The wettest hybrid NC+ 
4447 was 4.8% higher than the median grain moisture.  The cool growing season and freeze 
prior to physiological maturity in the north resulted in increased grain moisture content at all 
locations.  Ames was the only southern location to experience exceptionally high grain 
moisture at harvest, which had on average a 6.9% higher grain moisture content than the 
Greenfield location (26.3% vs. 19.3%).  A previous-year corn hybrid/rotation by current-year 
hybrid interaction was not found for grain moisture in either region. 
 Grain moisture in 2008 and 2009 was neither influenced by previous-year corn hybrid 
nor cropping system.  Our results are similar to Peterson and Varvel (1989) where grain 
moisture was not influenced by rotation sequence, but instead varied by environmental 
influences (i.e. temperature and precipitation) during a single growing season.  Grain 
moisture was noticeably different between 2008 and 2009 for both regions, likely due to cool 
summer temperatures and high rainfall in October for 2009 (Fig. 2). In contrast Pedersen and 
Lauer (2003) working in Wisconsin reported 5% lower grain moisture when corn was rotated 
with soybean compared to corn grown continuously, including 2
nd
 year corn, which we did 
not observe.  The limitation of the Wisconsin research, Perterson and Varvel (1989), as well 
51 
 
as our own is that grain moisture was measured at harvest.  To measure if a true grain 
moisture difference between cropping systems exist, as observed by Pedersen and Lauer 
(2003), grain moisture must be measured at R6, prior to pre-harvest dry down and fall 
weather.    
Grain yield 
2008 
 Average grain yields of the 12 current-year hybrids following previous-year corn 
hybrids DeKalb 52-43, 54-49, and 57-79 were similar for the Northern region (Table 5). In 
the Southern region, grain yields following DeKalb 61-66, 60-18, and 63-74 were also 
similar (Table 6). The overall mean of 2
nd
 year corn for the Northern region was 11.23 Mg 
ha
-1
 and 12.25 Mg ha
-1 
for the Southern region.  Corn following soybean yields were 12.26 
and 14.28 Mg ha
-1
 for the Northern and Southern regions, respectively (Tables 5 and 6). The 
yield advantage (Fig. 4) of rotated corn compared to 2
nd
 year corn was 9% and 14% for the 
northern and Southern region, respectively.  Current-year hybrid differences were observed 
in both the Northern and Southern regions.  In the Northern region current-year hybrid 
differences were 2.28 Mg ha
-1 
between the highest (NC+ 4252) and lowest (PHI 37Y14) 
yielding hybrids.  Hybrid NC+ 4252 had RM of 107 days while PHI 37Y14 was 99 day RM; 
the differences in RM may account for some of the observed yield difference (Table 5).   In 
the Southern region, current-year grain yields differed by 1.50 Mg ha
-1
 this difference could 
not be explained by RM, but differences in current-year hybrid grain yields were expected 
when grown on 2
nd
 year corn residue (Table 6). No previous-year corn hybrid by current-year 
hybrid/rotation interaction was observed within either region. 
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2009 
 Average grain yields of the 12 current-year hybrids following previous-year hybrids 
DeKalb 52-43, 54-49, and 57-79 (Table 5) and DeKalb 61-66, 60-18, and 63-74 were similar 
(Table 6). Grain yield of corn following soybean was significantly greater than the 2
nd
 year 
corn (Fig. 4).  Corn following corn yielded 12.45 Mg ha
-1
 (Table 5) and corn following 
soybean yielded 13.87 Mg ha
-1
 (Table 5) for the Northern region.  The Southern region 
produced mean grain yields of 12.81 Mg ha
-1
 (Table 6) for 2
nd
 year corn and 14.61 Mg ha
-1
 
(Table 6) for corn following soybean.  The yield advantage for corn following soybean 
compared to 2
nd
 year corn in the Northern and Southern regions were 11% and 14%, 
respectively.  Current-year hybrid differences were noted within both regions, and included 
both 2
nd
 year corn and corn following soybean grain yield means for each hybrid. Grain yield 
ranged from 12.31 Mg ha
-1 
(NC+ 3613) to 13.64 Mg ha
-1
 (NC+ 4252).  NC+ 4252 was one of 
the longest maturing hybrids (107 day RM) which may account for some of the yield 
difference.  However, NC+ 33613 was 105 day RM, showing only a two day RM difference 
between the hybrids. Hybrid NC+ 4252 was also the highest yielding hybrid in 2008 
indicating that it may be a good 2
nd
 year corn hybrid (Table 5).  In the Southern region, 
current-year hybrid grain yields differed by 1.83 Mg ha
-1
 with NC+ 3943 producing the 
lowest grain yield (12.24 Mg ha
-1
) and DKC 61-69 the highest (14.07 Mg ha
-1
) (Table 6).  
The difference observed may be due to RM DKC 61-69 was had a111 day RM while NC+ 
3943 had a 108 day RM, which was shorter day hybrid for the Southern regions.  No 
previous-year by current-year hybrid interaction was observed within either region.   
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Northern and Southern regions grain yield - 2008 & 2009 
Our results of 11% and 14% between corn following corn and corn grown in rotation 
with soybean are within the range proposed by Benson (1985).  Our results for both years 
and regions are similar to the yield advantages reported by Pedersen and Lauer (2003) and 
Crookston et al. (1991), 12% and 13%, respectively, for corn following soybean compared to 
2
nd
 year corn.  However, individual location yield advantages for corn following soybean 
varied from 1% to 28% for 2008 and 2009.  Sawyer (2008) reported the yield advantage for 
corn following soybean to be 0-30% across 46 site-years.  The results indicate that yield will 
vary depending on year and location, but farmers should plan for a 10-15% decrease in grain 
yield for corn following corn. 
In this research, tillage and other crop management inputs were similar; indicating the 
differences in grain yield is due to hybrids or other influences.  Although we did not quantify 
allelopathic substances or plant nutrient concentration, the difference found between 
cropping sequences may be attributed to improved nutrient uptake when corn is rotated with 
soybean.  Negative allelopathic substances from the previous-year corn crop (Yakle and 
Cruse, 1984) and/or decreased root growth in corn following corn compared to corn rotated 
with soybean (Nickel at al., 1995) are possible factors decreasing the yield of 2
nd
 year corn. 
Copeland and Crookston (1992) reported higher shoot nutrient concentrations of annually 
rotated corn during early vegetative growth and at physiological maturity compared to corn 
following corn.   
Grain yield was not influenced by the previous-year corn hybrid residue in either 
2008 or 2009 (Tables 5 and 6) within either region of the state.  Anderson et al. (1988) and a 
continuation of Anderson‘s work by Sunberg et al. (unpublished data, 1991) reported both 
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positive and negative residual effects of previous-hybrid residue on grain yield the following 
year; our results do not agree with their findings.  Previous-year corn hybrids in 2008 did not 
influence grain yield in any manner; no difference was found between the three previous-
year corn hybrids.  In 2009, differences were found within both regions; this was due to 
soybean residue compared with the three corn hybrids.  No difference existed between the 
three previous-year corn hybrids grown within either region.  Unlike the previous research 
discussed above, neither a positive nor negative grain yield influence of previous-hybrid was 
observed in our study. 
   DeKalb current-year hybrids were different in the Northern region in 2008 and the 
Southern region in 2009 (Tables 5 and 6), but no significant previous-year corn hybrid 
residue by current-year hybrid interaction was found.  These results were based on three 
DeKalb previous-year hybrids and the three current-year hybrids (Tables 5 and 6) for both 
regions.  Hicks and Petersen (1981) reported an autotoxic effect of hybrids when planted 
continually over several growing seasons.  The authors reported a 2.5% increase in grain 
yield when hybrids were rotated annually compared to their continued use.  Our results 
indicate that the same/similar hybrid grown over two growing seasons did not influence grain 
yield within either year or region.  Changes in DeKalb hybrids during the second year of the 
study may have slightly altered the comparison; however, the hybrids compared did have 
similar genetic backgrounds (Tables 3 and 4).  This comparison is useful due to the high 
hybrid turnover rates from seed companies‘ (Duvcik and Cassmann, 1999). With high 
turnover rates growers may begin planting closely related hybrids following one another to 
capture superior genetics.     
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 Overall, current-year hybrid differences occurred for all 12 hybrids for both regions 
during both years of the study.  In 2008, current-year hybrid analysis included only 2
nd
 year 
corn plots (Tables 5 and 6), while the 2009 analysis included both 2
nd
 year corn and corn 
following soybean (Tables 5 and 6).  The 2008 current-year hybrid grain yields for 2
nd
 year 
corn were lower than 2009 (Tables 5 and 6), likely due to the wet spring and harvest losses 
from wind damaged corn.  In 2008, the differences of the highest and lowest current-year 
hybrid grain yields (Tables 5 and 6) were 2.3 and 1.3 Mg ha 
-1
 for the Northern and Southern 
regions, respectively.   In 2009, current-year hybrid yields differed 0.9 Mg ha
-1 
in the 
Northern region and 1.8 Mg ha
-1
 for the southern part of the state.  In general, yields varied 
more in the Northern region between years.  The highest yielding hybrid for 2008 and 2009 
in the Northern region was NC+ 4252, which was the longest maturing hybrid (107 RM) 
evaluated.  In the Southern region, NK 68B produced the highest grain yield in 2008, and 
DeKalb 61-69 was the highest in 2009.  No previous- hybrid residue by current-year hybrid 
interaction was found in either year or region.    
 In general, variability existed among the current-year hybrids chosen for this 
research.   These results indicate that selecting good performing hybrids may reduce some of 
the yield issues associated with corn following corn (Tables 7 and 8).  Rouse (2007) reported 
that hybrid selection for corn following corn can effectively be accomplished using data 
gathered from variety trials where an annual corn-soybean rotation is used.  This data should 
be from multiple locations and years when possible (Rouse, 2007; Yan and Rajcan, 2003).  A 
hybrid that responds well in multiple environments would indicate that the hybrid can 
withstand multiple plant stressors and would perform well regardless of the environment 
(Rouse, 2007).  
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Hybrid suitability 
Hybrid response based on the rankings provided by the four companies for their 
individual hybrids were variable.  However, the hybrids designated as highly-suited for 2
nd
 
year corn yielded the highest 56% of the time across both regions and years based on gross 
yield.  The suited and not recommended hybrids were correct 45% and 40% of the time, 
respectively, based on gross yield.  In the Southern region DeKalb (2008), NC+ (2008 & 
2009), Pioneer (2008 & 2009), and Syngenta (2009) showed no statistical difference in grain 
yield among their highly-suited hybrid (1) and suited (2) / not recommended (3) hybrids. In 
the Northern region similar yields among the three different hybrids were only found with 
Pioneer and Syngenta hybrids in 2009.  Though there was some variability in the hybrid 
rankings, the highly-suited hybrids produced the highest gross yield 56% of the time.  Also, 
this study was conducted over two growing seasons encountering hail, heavy precipitation, 
and cool temperatures, all of which may have influenced final grain yield.  In general, corn 
producers can rely on 2
nd
 year corn hybrid recommendation provided by their seed company. 
Hybrid consistency 
The information presented in Tables 7 and 8 show hybrid selections for corn 
following corn may be limited when selecting hybrids based on crop performance from 
multiple corn-soybean environments.   Based on our calculated ratio it is apparent that certain 
hybrids respond better when grown in 2
nd
 year corn compared to being grown in rotation 
with soybean (Tables 7 and 8).   We group individual hybrids with values greater than one (> 
1.0) as hybrids that performed better in 2
nd
 year corn than when grown in rotation with 
soybean based on percent yield (Tables 7 and 8).  Using the same criteria hybrids with values 
less than one (<1) were grouped as hybrids with consistently higher grain yields when 
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following soybean compared to when grown as a 2
nd
 year corn hybrid (Tables 7 and 8).  
Certain hybrids have consistent grain yields (=1.0) without regard to the cropping system. 
 These ratios in tables 7 and 8 were calculated by regions and year and do not indicate 
high-yielding and low-yielding hybrids.  For example, in the southern region in 2008, NC+ 
3943 (Table 8) showed good 2
nd
 year corn performance with a calculated ratio of 1.04 (Table 
8). However, it did not produce the greatest grain yield of the hybrids tested in either 
cropping system. This method of analysis should not be used for selection of hybrids but 
instead to help improve selection methods for 2
nd
 year corn.  It is apparent that certain corn 
hybrids perform better in 2
nd
 year corn than when grown in rotation, regardless of grain yield 
(Tables 7 and 8).  These results do raise the question, ―Are we selecting 2nd year corn hybrids 
properly?‖  The methods described by Rouse (2007) for selection of 2nd year corn hybrids do 
not appear to be consistent with our research.  Hybrids with ratios greater than one had a 
greater percent yield in 2
nd
 year corn than corn following soybean.  This means that hybrids 
with the potential to respond favorably in 2
nd
 year corn may be overlooked if selection is 
based on performance data from multiple locations where the hybrid is grown in a corn-
soybean rotation.  Overall, our results indicate that new testing methods may need to be 
developed to improve selection of 2
nd
 year corn hybrids for corn growers.  Possible 
techniques include but are not limited to more testing of hybrids on corn-following-corn plots 
within variety trials or replicated on-farm trials of hybrids grown on previous-year corn 
residue.   
Conclusions  
 Previous-year corn hybrids and cropping sequence did not influence plant 
populations, grain moisture content, or grain yield within either region.  Continued use of 
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single hybrid over two growing seasons also did not influence grain yield.  However, grain 
yields were greater when corn was rotated with soybean compared to 2
nd
 year corn, 
reaffirming the results from previous literature.  Current-year hybrid did respond differently 
both within and between the two cropping systems.  These results reaffirmed that hybrid 
selection is critical for corn following corn, but techniques may need to change to improve 
the selection and placement of commercial hybrids recommended for 2
nd
 year corn.  
Company recommendations for hybrids planted in corn following corn appear useful and 
taken into consideration when provided.  The absence of a significant interaction for plant 
population, grain yield and grain moisture indicates that current-year hybrids are not affected 
by the previous-year con residue.  Corn producers should expect grain yields to decline by 
10-15% when growing 2
nd
 year corn compared to a corn soybean rotation; however, the yield 
reduction is not due to the previous-year corn hybrid. 
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Table 1. Soil series and soil texture for each Iowa location, 2008 and 2009. 
Location Year Latitude/longitude
†
 Soil Series Soil Texture 
Calumet (NR
‡
) 2008 42.9 N, -95.5 W Typic Hapludolls, fine-silty, mixed, mesic Silty clay loam 
 
2009 42.9 N, -95.5 W Aquic Hapludolls, fine-silty, mixed, mesic Silty clay loam 
Kanawha (NR) 2008 42.9 N, -93.7 W Fine-loamy, mixed, superactive, calcareous, mesic Typic Endoaquolls Clay loam 
 
2009 42.9 N, -93.8 W Fine-loamy, mixed, superactive, mesic Aquic Hapludolls Loam 
Nashua (NR) 2008 42.9 N, -92.6 W Typic Haplaqolls, fine-loamy, mixed, mesic Silty clay loam 
 
2009 42.9 N, -92.6 W Aquci Hapludolls, fine-loamy, mixed, mesic Loam 
Lewis (SR
§
) 2008 42.0 N, -93.7 W Fine-silty, mixed, mesic Typic Hapludolls Silty clay loam 
Greenfield (SR) 2009 42.0 N, -93.7 W Typic Hapludolls, fine-silty, mixed, mesic Silty clay loam 
Ames (SR) 2008 41.3 N, -95.1 W Fine-loamy, mixed, superactive, mesic Aquic Hapludolls Loam 
 
2009 41.3 N, -94.5 W Fine-loamy, mixed, superactive, calcareous, mesic Typic Endoaquolls Silty clay loam 
Crawfordsville (SR) 2008 41.2 N, -91.5 W Typic Haplaquolls, fine, montmorillonitic, mesic Silty clay loam 
 
2009 41.2 N, -91.5 W Aquic Argiudolls, fine, montmorillonitic, mesic Silty clay loam 
† Latitude / longitude reported in degrees 
‡ NR= Northern region 
§ SR= Southern region 
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Table 2. Management information for each Iowa location, 2008 and 2009. 
  Pre-emerge 
herbicide 
 Planting   
date 
Post-emerge 
herbicide
†
 
 
Harvest   date 
  
Location  Year 
Fall/Spring 
tillage 
       Calumet 2008 Yes Chisel/FC
‡
 30 Apr Yes 28 Oct 
 
2009 Yes Chisel/FC 4 May Yes 27 Oct 
Kanawha 2008 Yes Chisel/FC 12 May No 30 Oct 
 
2009 Yes Chisel/FC 23 Apr Yes 28 Oct 
Nashua 2008 Yes None/FC 5 May Yes 4 Nov 
 
2009 Yes Chisel/FC 24 Apr Yes 4 Nov 
Lewis 2008 No Chisel/FC 6 May Yes 22 Oct 
Greenfield
§
 2009 No Disked/FC 5 May Yes 10 Nov 
Ames 2008 Yes Chisel/FC 16 May Yes 30 Oct 
 
2009 No DT
¶
/FC 12 May Yes 10 Nov 
Crawfordsville
#
 2008 Yes Chisel/FC 6 May No 9 Oct 
 
  2009   N/A
††
 N/A N/A                      N/A             N/A 
    † Post-emergence herbicides were selected by individual farm mangers at each location for broadleaf and grass control.                                               
Herbicides were neither glyphosate nor glufosinate due to different herbicide tolerant traits among hybrids. 
    ‡ FC= Field cultivation 
    § In 2009, the southwest location was moved from Lewis, IA to Greenfield, IA. 
    ¶ DT= Deep Tillage, performed with a John Deere 2700 mulch ripper (John Deere, Moline, IL) 
    # Crawfordsville, IA location was discarded in 2009 due to above normal precipitation after planting and water logged soils                                         
for most of the growing season. 
   †† N/A= Not applicable, location discarded due to flooding. 
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Table 3. Previous-year and current-year hybrids used at northern locations, 2008 and 2009 
 
 Relative                 
Maturity (RM) 
 
Hybrid Company Traits 
Northern Locations       
Previous-year hyb/CV
†
 
   DKC 52-40 (1)
 ‡
 DeKalb (Monsanto) 102 RR2
#
/YGPL
†† 
DKC 54-46 (2) DeKalb (Monsanto) 104 RR2/YGPL 
DKC 57-79 (1) DeKalb (Monsanto) 107 RR2/YGPL 
AG 2108 (Soybean)
§
 Asgrow (Monsanto) 2.1 MG
¶
 RR
‡‡ 
    Current-year hybrid  
DKC 52-43 VT3 (1) DeKalb (Monsanto) 102 RR2/CB
§§
/RW
¶¶
 
DKC 54-49 VT3 (2) DeKalb (Monsanto) 104 RR2/CB/RW 
DKC 57-79 (1) DeKalb (Monsanto) 107 RR2/YGPL 
NC+ 3583 RBD (3) NC+ (Channel Bio Corp.) 106 RR2/CB/RW 
NC+ 3613 VT3 (2) NC+ (Channel Bio Corp.) 105 RR2/CB/RW 
NC+ 4252 VT3 (1) NC+ (Channel Bio Corp.) 107 RR2/CB/RW 
PHI 35F44 (3) Pioneer Hi-Bred Int. (DuPont) 105 RR2/LL
##
/HXX
†††
 
PHI 35K33 (2) Pioneer Hi-Bred Int. (DuPont) 105 RR2/LL/HXX 
PHI 37Y14 (1) Pioneer Hi-Bred Int. (DuPont) 99 RR2/LL/HXX 
GH 8062 (3) Golden Harvest (Syngenta) 104 LL/CB/RW 
NK N48-B5 (2) NK (Syngenta) 103 LL/CB/RW 
NK  N45-A5 (1) NK (Syngenta) 101 LL/CB/RW 
† hyb=Hybrid and CV=Cultivar 
‡ (1)= Highly suited for 2nd year corn, (2)= suited for corn following corn, (3) = not recommended for corn 
following corn.  Companies used stress emergence scores, gray leaf spot scores, anthracnose stalk rot scores, and 
company understanding of their individual hybrids based on their own performance data of their hybrids when 
selecting for our given criteria. 
 § Soybean main plots were only included as a previous-year residue in 2008 for 2009 plots 
 ¶ MG= maturity group 
 # RR2= Round Up Ready 2- Glyphosate resistant 
 ††YGPL= Yield Gard Plus Ostrinia nubilalis and Diabrotica spp. resistant 
 ‡‡RR= Round Up Ready- Glyphosate resistant 
 §§ CB= corn Borer resistant (Ostrinia nubilalis) resistant  
¶¶ RW= corn rootworm resistant (Diabrotica spp.) resistant 
 ## LL= Liberty Link- Glufosinate resistant 
 ††† HXX= Herculux Ostrinia nubilalis and Diabrotica spp. resistant 
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Table 4. Previous-year and current-year hybrids used at southern locations, 2008 and 2009. 
† hyb= Hybrid and CV=Cultivar 
‡ (1)= Highly suited for 2nd year corn, (2)= suited for corn following corn, (3) = not recommended for corn 
following corn.  Companies used stress emergence scores, gray leaf spot scores, anthracnose stalk rot scores, and 
company understanding of their individual hybrids based on their own performance data of their hybrids when 
selecting for our given criteria. 
 § Soybean main plots were only included as a previous-year residue in 2008 for 2009 plots 
 ¶ MG= maturity group 
 # RR2= Round Up Ready 2- Glyphosate resistant 
 ††YGPL= Yield Gard Plus Ostrinia nubilalis and Diabrotica spp. resistant 
 ‡‡RR= Round Up Ready- Glyphosate resistant 
 §§ CB= corn Borer resistant (Ostrinia nubilalis) resistant  
¶¶ RW= corn rootworm resistant (Diabrotica spp.) resistant 
 ## LL= Liberty Link- Glufosinate resistant 
 ††† HXX= Herculux Ostrinia nubilalis and Diabrotica spp. Resistant 
‡‡‡ GT= Glyphosate tolerant 
 
 
 
 
Hybrid Company 
Relative 
Maturity (RM) Traits 
Southern locations 
   Previous-year hyb/CV
†
    
DKC 60-18 (2)
‡
 DeKalb (Monsanto) 110 RR2
#
/YGPL
††
 
DKC 61-66 (1) DeKalb (Monsanto) 111 RR2/YGPL 
DKC 63-74 (2) DeKalb (Monsanto) 113 RR2/YGPL 
AG 2108 (Soybean)
§
 Asgrow (Monsanto) 2.1 MG
¶
 RR
‡‡
 
    Current-year hybrid 
   DKC 60-18 (2) DeKalb (Monsanto) 110 RR2/YGPL 
DKC 61-69 VT3 (1) DeKalb (Monsanto) 111 RR2/CB
§§
/RW
¶¶
 
DKC 63-74 (2) DeKalb (Monsanto) 113 RR2/YGPL 
NC+ 3943 RBD (3) NC+ (Channel Bio Corp.) 108 RR2/CB/RW 
NC+ 4447 RBD (2) NC+ (Channel Bio Corp.) 110 RR2/CB/RW 
NC+ 5329 RBD (1) NC+ (Channel Bio Corp.) 112 RR2/CB/RW 
PHI 33W84 (1) Pioneer Hi-Bred Int. (DuPont) 111 RR2/LL
##
/HXX
†††
 
PHI 34F29 (2) Pioneer Hi-Bred Int.  (DuPont) 108 RR2/LL/HXX 
PHI 34P94 (2) Pioneer Hi-Bred Int.  (DuPont) 111 LL/HXX 
NK 68B (3) NK (Syngenta) 110 LL/CB/RW 
GH 8953 (2) Golden Harvest (Syngenta) 111 LL/CB/RW 
GH 9145 3000GT (1) Golden Harvest (Syngenta) 113 GT
‡‡‡
/LL/CB/RW 
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Figure 2. Average monthly precipitation and air temperature for the Northern Iowa region during the 2008 and 
2009 growing season, and the 30 year (1977-2007) average.  Both 2008 and 2009 are the average of the three 
individual locations within the Northern region. 
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Figure 3. Average monthly precipitation and air temperature for the Southern Iowa region during the 2008 
and 2009 growing season, and the 30 year (1977-2007) average.  Both 2008 and 2009 are the average of the 
three individual locations within the Southern region. 
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Table 5. Plant population (PP), percent grain moisture, and grain yield for the Northern region of Iowa in 2008 
and 2009.  Calculated means include previous-year corn hybrids only (C-C) and previous-year corn hybrids + 
corn following soybean (C-C + C-SB), and the means of current-year hybrids.  In 2008, a statistical comparison 
was not valid between the corn and soybean treatments, so the calculated LSD‘s for 2008 include only plots 
where the previous-year crop was corn.   
 
2008 
 
2009 
  PP
†
 Moisture Yield    PP Moisture Yield  
 
Plants ha
-1
 % Mg ha
-1
 
 
Plants ha
-1
 % Mg ha
-1
 
 
x10
3
 
   
x10
3
 
  Previous yr hyb/CV‡ 
       DKC 52-40 85.5 a
§
 19.7 a 11.40 a 
 
82.4 b 29.6 a 12.90 b 
DKC 54-46 85.9 a 19.5 a 11.04 a 
 
83.1 ab 29.3 a 12.35 b 
DKC 57-79 86.7a 19.7 a 11.26 a 
 
81.6 b 29.1 a 12.11 b 
Soybean 86.2
¶
 20.3 12.26 
 
84.9 a 28.6 a 13.87 a 
P>F (α=0.05) 0.0716 0.7220 0.4917 
 
0.0224 0.6541 0.0030 
        C-C
#
 86.0 19.6 11.23 
 
82.4 29.3 12.45 
C-C+C-SB
††
 86.0 19.8 11.50 
 
83.0 29.2 12.81 
        Current yr hybrid
‡‡
 
       DKC 52-43 87.2 ab§ 18.1 g 10.64 ed 
 
83.3 d 26.2 h 12.88 bcd 
DKC 54-49 86.5 abc 19.2 ef 10.63 ed 
 
85.0 bcd 27.6 fg 13.11 bc 
DKC 57-79 86.6 abc 20.0 cde 11.85 b 
 
85.0 bcd 30.9 c 13.30 ab 
NC+ 3583 83.5 d 21.0 b 11.16 cd 
 
75.6 f 32.5 b 12.57 de 
NC+ 3613 87.9 a 20.2 bc 11.68 bc 
 
86.3 abc 29.9 d 12.31 e 
NC+ 4252 85.7 bc 22.2 a 12.65 a 
 
83.9 dc 33.5 a 13.64 a 
PHI 35F44 86.0 abc 20.0 cd 11.78 bc 
 
75.7 f 30.1 cd 12.76 cde 
PHI 35K33 86.4 abc 20.5 bc 11.78 bc 
 
88.4 a 29.8 d 12.58 de 
PHI 37Y14 86.1 abc 18.8 fg 10.37 e 
 
80.4 e 26.4 h 12.69 cde 
GH 8062 85.6 bc 19.2 f 11.20 bcd 86.6 ab 28.9 e 12.75 cde 
NK N48-B5 86.5 abc 19.3 def 10.66 de 
 
80.0 e 27.6 fg 12.58 de 
NK N45-A5 84.7 cd 19.2 f 10.42 e 
 
86.0 abc 26.7 gh 12.58 de 
P>F (α=0.05) 0.0466 <0.0001 <0.0001   <0.0001 <0.0001 <0.0001 
† PP= Plant population 
‡ Previous-year residue is the mean of the 12 current-year hybrids grown on each individual previous-year 
residue, hyb=Hybrid and CV= Cultivar 
§ Numbers followed by the same letter within a column are not different from one another, previous-year 
residue and current-year hybrid columns are separate from one another 
¶ In 2008 no valid comparison could be made between cropping systems due to experimental design 
# C-C= the mean of 12 current-year hybrids following only the three previous-year DKC hybrids 
†† C-C= the mean of 12 current-year hybrids following the three previous-year DKC hybrids and soybean 
‡‡ Current-year hybrid means include only 2nd year corn for 2008, the 2009 means include both 2nd year corn 
and corn following soybean   
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Table 6. Plant population (PP), percent grain moisture, and grain yield for the Southern region of Iowa in 2008 
and 2009.  Calculated means include previous-year corn hybrids only (C-C) and previous-year corn hybrids + 
corn following soybean (C-C + C-SB), and the means of current-year hybrids.  In 2008, a statistical comparison 
was not valid between the corn and soybean treatments, so the calculated LSD‘s for 2008 include only plots 
where the previous-year crop was corn.   
 
2008 
 
2009 
  PP
†
 Moisture Yield    PP Moisture Yield  
 
Plants ha
-1
 % Mg ha
-1
 
 
Plants ha
-1
 % Mg ha
-1
 
 
x10
3
 
   
x10
3
 
  Previous yr hyb/CV
‡
 
       DKC 61-66 82.4 a
§
  20.1 a 12.32 a 
 
88.8 b 23.6 a 12.71 b 
DKC 60-18  81.9 a 20.4 a 12.10 a 
 
88.8 b 22.3 a 13.00 b 
DKC 63-74 82.2 a 20.2 a 12.31 a 
 
87.9 b 22.8 a 12.72 b 
Soybean 86.0¶ 20.1 14.28 
 
90.0 a 22.3 a 14.61 a 
P>F (α=0.05) 0.8615 0.4869 0.6063 
 
0.0021 0.2329 0.0006 
        C-C
#
 82.3 20.2 12.25 
 
88.5 22.9 12.81 
C-C+C-SB
††
 83.2 20.2 12.75 
 
88.9 22.8 13.26 
        Current yr hybrid
‡‡
 
       DKC 60-18 85.4 a
§
 19.7 def 12.39 ab 
 
89.3 ab 22.7 cd 12.94 c 
DKC 61-69 83.0 ab 19.3 fgh 12.52 ab 
 
88.9 abc 21.0 f 14.07 a 
DKC 63-74 81.0 bcd 20.2 cd 12.04 bcd 89.9 a 23.6 ab 13.03 bc 
NC+ 3943 78.8 d 19.1 gh 11.65 cd 
 
86.8 d 21.3 f 12.24 d 
NC+ 4447 79.1 cd 19.6 efg 12.37 ab 
 
89.3 ab 24.0 a 13.61 ab 
NC+ 5329 81.7 bc 22.1 a 12.41 ab 
 
88.6 abc 23.8 a 13.45 abc 
PHI 33W84 81.9 bc 21.0 b 12.49 ab 
 
87.6 cd 23.0 bc 13.58 abc 
PHI 34F29 83.2 ab 19.0 h 11.46 d 
 
88.0 bcd 21.6 ef 13.09 bc 
PHI 34P94 82.8 ab 20.3 c 12.14 bc 
 
89.4 ab 22.2 de 13.36 bc 
NK 68B 83.5 ab 20.1 cde 12.96 a 
 
89.6 a 23.5 ab 12.94 c 
GH 8953 83.8 ab 21.0 b 11.75 cd 
 
89.3 ab 22.4 dc 13.14 bc 
GH 9145 82.8 ab 21.3 b 12.79 a 
 
89.8 a 23.9 a 13.68 ab 
P>F (α=0.05) 0.0005 <0.0001 <0.0001   0.0003 <0.0001 <0.0001 
† PP= Plant population 
‡ Previous-year residue is the mean of the 12 current-year hybrids grown on each individual previous-year 
residue, hyb=Hybrid and CV= Cultivar 
§ Numbers followed by the same letter within a column are not different from one another, previous-year 
residue and current-year hybrid columns are separate from one another 
¶ In 2008 no valid comparison could be made between cropping systems due to experimental design 
# C-C= the mean of 12 current-year hybrids following only the three previous-year DKC hybrids 
†† C-C= the mean of 12 current-year hybrids following the three previous-year DKC hybrids and soybean 
‡‡ Current-year hybrid means include only 2nd year corn for 2008, the 2009 means include both 2nd year corn 
and corn following soybean   
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Figure 4. A comparison of 2
nd
 year corn yields to corn following soybean by region and 
year. Current-year hybrids were averaged for each cropping system over all locations within 
each region .  Significance (p ≤ 0.05) is indicated by letters and was measured within year 
and region. 
†
 No valid comparison is available for 2008.  
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Table 7.  A measure of current-year hybrid consistency between 2
nd
 year corn and corn following soybean, Northern region 2008 
and 2009.   
 
        
 
      
 
2008 
 
2009 
 
2nd yr Corn   C-S
§
   2nd/C-S
¶
   2nd yr Corn   C-S   2nd/C-S 
Hybrid Yield
†
 Yield
‡
   Yield Yield        Yield
††
 Yield   Yield  Yield      
 
Mg ha
-1
 % 
 
Mg ha
-1
 % 
   
Mg ha
-1
 % 
 
Mg ha
-1
 % 
  
                DKC 52-43 10.64 ed
#
 84.1 
 
11.83 a 87.6 
 
0.96 
 
12.57 bcd 94.1 
 
13.80 a 95.2 
 
0.99 
DKC 54-49 10.63 ed 84.0 
 
12.07 a 89.4 
 
0.94 
 
12.76 bc 95.6 
 
14.19 a 97.8 
 
0.98 
DKC 57-79 11.85 b  93.7 
 
12.94 a 95.9 
 
0.98 
 
13.01 ab 97.4 
 
14.18 a 97.8 
 
1.00 
NC+ 3583 11.16 cd 88.2 
 
  12.90 a 95.6 
 
0.92 
 
12.23 cd 91.6 
 
13.58 a 93.7 
 
0.98 
NC+ 3613 11.68 bc 92.3 
 
11.74 a 87.0 
 
1.06 
 
12.12 d 90.7 
 
12.91 a 89.0 
 
1.02 
NC+ 4252 12.65 a 100.0 
 
12.03 a 89.1 
 
1.12 
 
13.35 a 100.0 
 
14.50 a   100.0 
 
1.00 
PHI 35F44 11.78 bc 93.1 
 
13.25 a 98.1 
 
0.95 
 
12.45 bcd 93.3 
 
13.68 a 94.3 
 
0.99 
PHI 35K33 11.78 bc 93.1 
 
13.50 a 100.0 
 
0.93 
 
11.99 d 89.8 
 
14.32 a 98.8 
 
0.91 
PHI 37Y14 10.37 e 82.0 
 
11.33 a 83.9 
 
0.98 
 
12.30 cd 92.1 
 
13.87 a 95.6 
 
0.96 
GH 8062 11.20 bcd 88.5 
 
11.81 a 87.5 
 
1.01 
 
12.22 cd 91.5 
 
14.32 a 98.8 
 
0.93 
NK N48-B5 10.66 de 84.3 
 
12.29 a 91.0 
 
0.93 
 
12.31 cd 92.2 
 
13.41 a 92.4 
 
1.00 
NK N45-A5 10.42 e 82.4   11.38 a 84.3   0.98 
 
12.21 cd 91.4 
 
13.74 a 94.7 
 
0.97 
† Values in column are the same as yield column in Table 5 for 2008 
‡ % of the maximum yield within each cropping system and year 
§ C-S= Corn yields when grown on soybean residue 
¶ Ratio of 2
nd
 year corn yield percent to the yield percent of the corn soybean rotation 
# Numbers followed by the same letter, within the same column, are not different from one another  
†† Values in column are different from Table 5 for 2009.  This table only includes 2nd year corn yields 
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Table 8.  A measure of current-year hybrid consistency between 2
nd
 year corn and corn following soybean, Southern region 2008 
and 2009.   
 
          2008   2009 
 
2nd yr Corn   C-S
§
   2nd/C-S
¶
   2nd yr Corn   C-S   2nd/C-S 
Hybrid Yield
†
 Yield
‡ 
  Yield  Yield        Yield
††
 Yield   Yield  Yield      
 
Mg ha
-1
 % 
 
Mg ha
-1
 % 
   
Mg ha
-1
 % 
 
Mg ha
-1
 % 
  
                DKC 60-18 12.39 ab
#
 95.6 
 
13.91 a 93.0 
 
1.03 
 
12.57 bc 92.8 
 
14.05 a 89.8 
 
1.03 
DKC 61-69 12.52 ab 96.6 
 
14.96 a  100.0 
 
0.97 
 
13.54 a 100.0 
 
15.65 a   100.0 
 
1.00 
DKC 63-74 12.04 bcd 92.9 
 
14.05 a 93.9 
 
0.99 
 
12.53 bc 92.5 
 
14.54 a 92.9 
 
1.00 
NC+ 3943 11.65 cd 89.9 
 
12.91 a 86.3 
 
1.04 
 
11.70 d 86.4 
 
13.86 a 88.6 
 
0.98 
NC+ 4447 12.37 ab 95.4 
 
14.36 a 96.0 
 
0.99 
 
13.25 ab 97.9 
 
14.70 a 93.9 
 
1.04 
NC+ 5329 12.41 ab 95.7 
 
14.67 a 98.0 
 
0.98 
 
13.06 abc 96.4 
 
14.64 a 93.6 
 
1.03 
PHI 33W84 12.49 ab 96.3 
 
13.94 a 93.2 
 
1.03 
 
13.15 abc 97.1 
 
14.87 a 95.0 
 
1.02 
PHI 34F29 11.46 d 88.5 
 
14.55 a 97.3 
 
0.91 
 
12.52 bc 92.5 
 
14.78 a 94.4 
 
0.98 
PHI 34P94 12.14 bc 93.6 
 
14.71 a 98.3 
 
0.95 
 
12.86 abc 95.0 
 
14.83 a 94.8 
 
1.00 
NK 68B 12.96 a 100.0 
 
14.83 a 99.1 
 
1.01 
 
12.49 c 92.3 
 
14.26 a 91.1 
 
1.01 
GH 8953 11.75 cd 90.7 
 
14.44 a 96.5 
 
0.94 
 
12.88 abc 95.1 
 
13.93 a 89.0 
 
1.07 
GH 9145 12.79 a 98.7   14.12 a 94.4   1.05   13.16 abc 97.2   15.23 a 97.3   1.00 
† Values in column are the same as yield column in Table 5 for 2008 
‡ % of the maximum yield within each cropping system and year 
§ C-S= Corn yields when grown on soybean residue 
¶ Ratio of 2
nd
 year corn yield percent to the yield percent of the corn soybean rotation 
# Numbers followed by the same letter, within the same column, are not different from one another  
†† Values in column are different from Table 5 for 2009.  This table only includes 2nd year corn yields 
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Chapter 4: Current-year corn hybrid root and plant biomass response to 
previous-year corn hybrid and cropping system 
A paper in preparation for Agronomy Journal 
Wade A. Kent, Roger W. Elmore, Mahdi Al-Kaisi, and Lori J. Abendroth  
Abstract 
Grain yields decrease when corn (Zea mays L.) follows corn compared to corn grown in 
rotation with another crop. The influence of previous-year corn hybrid on the root and plant growth of 
the current-year hybrids is not well understood and may account for the decrease in grain yield.  The 
objectives of this study were to determine (i) if current-year corn grain yields, root, and plant biomass 
were influenced by previous-year hybrid and/or cropping system (ii) if there are differences in plant 
and root biomass among modern commercial corn hybrids (iii) if root and plant biomass are 
correlated with grain yield. In 2008 and 2009, root and plant biomass studies were conducted at two 
Iowa State University research and demonstration farms.  Three corn hybrids were planted in 18 m
2
 
blocks as the main plots in the first year (2007), followed by 12 hybrids planted on each of the main 
plots the second year.  The same 12 hybrids were planted into a nearby field on soybean residue at 
each location in 2008, but soybean was established as a main plot for 2009.  At each location, root 
and plant biomass samplings were conducted at four different sample dates: V4, V12, VT, and R6.  
After sampling, roots were washed, dried, and weighed while plants were dried and weighed.  Root 
and plant biomass were compiled and calculated for comparison.  Grain yield differed based on 
cropping system at Kanawha and Ames in 2009.  Previous-year corn hybrid influenced grain yield at 
Nashua in 2008.  Overall, previous-year corn hybrid/cropping system did not influence root or plant 
biomass; however, plant biomass was greater when corn followed soybean compared to 2
nd
 year corn 
at Kanawha and Ames in 2009.  Current-year hybrids were variable and did not indicate strong 
differences in root or plant biomass.  Root biomass was not correlated with grain yield within any 
sample date.  Plant biomass was correlated with grain yield at sample date 2 and 4 in Kanawha 
(2009).  Root to shoot correlations were strong within all sample dates indicating that root growth is 
correlated to shoot growth throughout the growing season.  Root and plant biomass are not influenced 
by the previous-year hybrid and are poor indicators of final grain yield.   
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Introduction 
Crop rotations have been a common agriculture practice for centuries.  Rotating 
different crops can interrupt pest cycles, provide nitrogen (N) for the succeeding grain crops, 
reduce soil erosion, and spread labor needs (Benson, 1985).  Beneficial changes in 
government policy, improved pesticides, favorable economics, and the development of 
transgenic hybrids  have decreased dependence on crop rotations, and encouraged producers 
to grow more corn (Zea mays L.) following corn (Porter et al., 2003; Ahmad et al., 2006).  
Elevated market demand for corn can be attributed to greater ethanol production in recent 
years (Erickson and Lowenberg-DeBoer, 2005).  In 2007, the National Agriculture Statistics 
Service reported a 19% increase in corn hectares in the United States from 2006, the largest 
increase since 1944 (USDA-National Agricultural Statistical Service, 2007).  Since 2007, 
corn hectares have decreased by approximately 8% for 2008 and 2009, but have remained 
above the 2000-2006 planted hectares. 
When corn follows corn, yields generally decline by 10-15% compared to corn grown 
in rotation with other crops (Benson, 1985; See Chapter 3).  Crookston et al. (1991) reported 
a 10% decrease in continuous corn grain yield compared to corn grown in rotation with 
soybean [Glycine max (L.) Merr.].  Researchers in Wisconsin reported 12% greater grain 
yields when corn was rotated with soybean compared to corn grown continuously (Pedersen 
and Lauer, 2002).  In high- and low-input cropping systems, defined by soil fertility and 
pesticides, yield differences can vary greatly above and below the 10-15% yield decrease 
estimate.  Under low-input systems yield deficits can be greater than 15%, while high-input 
systems have shown yield differences of less than 10% (Porter et al., 1997; Singer and Cox, 
1998, Stanger et al., 2008).   
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In rotation, the greatest decrease in grain yield relative to the year prior occurs in the 
2
nd
 year of corn. (Crookston et al., 1991; Katsvario and Cox, 2000; Meese et al., 1991; Porter 
et al., 1997; Pedersen and Lauer, 2003).  Researchers in Minnesota and Wisconsin reported 
2
nd
 year corn yields were 10 to 15% lower than first year corn following five consecutive 
years of soybean, [Glycine max (L.) Merr.] and corn annually rotated with soybean.  (Porter 
et al., 1997; Pedersen and Lauer, 2002; Pedersen and Lauer, 2003).  In general, no yield 
difference was observed between the 2
nd
, 3
rd
, 4
th
, 5
th 
years of corn and continuous corn. 
The factors influencing decreased grain yield when corn follows corn are not well 
known, but widely hypothesized.  Allelopathy, a chemical interference of one plant species 
by another, is one possible cause.  Controlled laboratory studies have measured whether 
allelopathic compounds inhibit early-season plant growth.  These studies reported inhibitory 
effects of corn residue extracts on root and shoot dry weight (Yakle and Cruse, 1984) and 
seedling germination and growth (Martin et al., 1990). In contrast, studies conducted in the 
field reported that although crop residues do contain growth regulatory inhibitors; their toxic 
effects are short-lived in the soil (Crookston and Kurle, 1989).  They concluded allelopathy 
from previous corn residues, in a field setting, did not decrease grain yield if residue was 
incorporated with tillage and allowed to overwinter in the soil, allowing decomposition of the 
residue. 
Greater concentrations of N, P, and K exist in the shoots of corn grown in rotation 
with soybean compared to corn following corn during the growing season.  Copeland and 
Crookston (1992) found greater macro- and micro-nutrient concentrations during early 
vegetative growth (V4-V7) and at physiological maturity (R6) in rotated corn than corn 
following corn grown under high soil fertility.  Total shoot accumulation of N, P, and K was 
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greater at silking (R1) and R6 for rotated corn in comparison to corn following corn, and was 
thought to contribute to greater dry matter accumulation when corn is grown in rotation.  
Riedell et al. (1998) reported greater shoot accumulation of P, K, and Ca at the tassel stage 
(VT) when corn was grown in rotation, compared to corn following corn, under intermediate 
inputs (soil test based fertilization for 5.33 Mg ha
-1 
grain yield).  Corn grown under high-
inputs (soil test based fertilization for 8.15 Mg ha
-1 
grain yield) indicated no difference in P, 
K, and Ca accumulation at the tassel stage between rotated corn and continuous corn.  Based 
on these results from the allelopathy and tissue nutrient concentration research, Nickel et al., 
(1995) hypothesized that corn grown in a crop rotation has a larger, more vigorous root 
system and produces greater plant biomass than corn following corn. 
Using soil cores, during early vegetative growth, a greater root length density near the 
soil surface existed with continuous corn than corn planted after five consecutive years of 
soybean (Nickel et al., 1995).  Minirhizotron images revealed that continuous corn had more 
roots near the soil surface than first year corn; however, at deeper soil depths the images 
showed more total roots for first year corn compared to continuous corn.  These differences 
were hypothesized as possible allelopathic effects encountered below the plow layer in the 
continuous corn plots (Nickel et al,. 1995).  More roots deeper in the soil profile may have 
increased water and nutrient availability for the first year corn.  Root length density was 
similar at flowering for both cropping sequences.  Anderson (1987) reported the highest 
concentration of roots was found in the row, directly under the plant in continuous corn.  
Lateral roots attached to the adventitious roots of the stalk accounted for 44-92% of the total 
root mass collected in the row from 0 to 0.07-m deep, while root mass decreased 90% when 
root samples were taken 0.19-m from the row at the 0 to 0.07-m depth in continuous corn 
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(Anderson, 1987).  These results indicated the majority of the root system may be obtained 
directly below and to the sides of the corn row, based on Anderson‘s methods. A greenhouse 
study found different corn genotypes vary in their individual root morphology (Costa et al., 
2002).  Three genotypes, including leafy normal stature (LNS), leafy reduced stature (LRS), 
and a conventional hybrid varied in root length and total root surface area at silking (R1). 
Root length and surface area were similar for LNS and LRS but were 2.9 and 3.3 times 
greater than those of the conventional hybrid at silking (R1), respectively.   
Root morphology differences may provide some explanation to why 2
nd
 year corn 
yields are lower compared to corn grown in rotation.  Anderson et al., (1988) reported grain 
yields were influenced by previous-year corn hybrids when corn followed corn.  They noted 
that the certain previous-year corn hybrids increased grain yield, while others decreased grain 
yield.  The decreased grain yield was thought to be caused by an allelopathic inhibition from 
the previous-year corn hybrid. However, we hypothesize that the yield variation observed by 
Anderson et al. (1988) may, in part, be due to the previous-year hybrids‘ influence on the 
growth and morphology of the current-year hybrids‘ root system. 
Hammer et al. (2009) concluded that changes in root system architecture and water 
capture accounted more for the historical yield increases of corn than changes in the plant 
canopy.  Plant roots serve two major functions: plant anchorage and acquisition of soil based 
resources (Fitter, 2002).  Understanding the root system is critical given that it is essential in 
supplying water and nutrients to the plant, two factors necessary for developing and 
sustaining high grain yields.   
Obtaining root measurements is a laborious and time-consuming task (Nickel et al., 
1995).   The predominant method of studying corn roots in the field is destructive; all or part 
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of the root system is excavated with the associated soil volume (Amos and Walters, 2006).  
This method of root measurement includes obtaining soil cores where roots are actively 
growing or excavation of an entire soil block (Nickel et al., 1995).  Destructive methods 
provide measurements and visual comparisons of root mass accumulation at specific growth 
stages during the growing season (Amos and Walters, 2006; Nickel et al., 1995).  A non-
destructive method for root measurement is the use of minirhizotron tubes (Nickel et al., 
1995).  Minirhizotron tubes are transparent tubes inserted into the soil where roots are 
spreading allowing the same root system to be observed for the entire growing season 
(Polomski and Kuhn, 2002).  By inserting a specialized camera in the tube, where a 
photographic scan of the tube is taken, allows for the collection of necessary images.  In 
general, sample variability exists with all methods of root measurement, but can be decreased 
with improved precision or a greater number of samples. 
 Limited research exists on the effects of previous-year corn hybrid on current-year 
hybrid.  The research addressing this question was done with hybrids developed over two 
decades ago (Hicks and Petersen, 1981; Anderson et al., 1988; Sunberg et al., Unpublished), 
limiting recommendations for current-day hybrids.  Our hypothesis is that previous-year corn 
hybrid and cropping system influences grain yield, plant biomass and root biomass of 
current-year corn hybrids.  The objectives of our study were to determine (i) if current-year 
corn grain yields and root and/or plant biomass are influenced by previous-year corn hybrid 
and cropping system (ii) if there are differences in plant and root biomass among modern 
commercial hybrids (iii) if root and plant biomass are correlated to grain yield. 
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Materials and Methods 
Root and plant biomass studies were conducted at Iowa State University research and 
demonstration farms in 2008 and 2009.  Research was near Ames (2008 and 2009); Nashua 
(2008) and Kanawha (2009).  Soils and management information for individual locations are 
presented in Tables 1 and 2.  The experiment was a randomized complete block design in a 
split plot arrangement with three to four replications, depending on year and location.  In 
2007, three hybrids (Tables 3 and 4) were planted in an 18 m
2
 blocks as the main plots at 
Ames and Nashua with a conventional 30-inch row-crop planter.  Then in 2008, 12 different 
hybrids were planted as the split plots on each of the 18 m
2
 main plots.  The same 12 hybrids 
were planted onto a nearby field in soybean residue providing a rotation comparison to the 
second-year corn plots.  Root and plant biomass samplings were conducted at four different 
sample dates (SD) at each location.  The same process was performed in 2008 and 2009 
except 18 m
2
 soybean main plots were embedded within the three-corn hybrid main plots in 
2008—when establishing main plots for 2009—at both Ames and Kanawha.   
University recommended practices for optimum crop production were followed.  Fall 
tillage was performed at all locations (Table 2) in both years, except Nashua in 2008 where 
late-season weather prohibited tillage.  Fall tillage was accomplished with a chisel plow at 
Ames (2008) and Kanawha (2009); a mulch ripper was used for Ames (2009) due to 
equipment availability (Table 2).  Spring tillage was accomplished with field cultivation at all 
locations in 2008 and 2009. In 2008 and 2009, the Ames site received two passes with a field 
cultivator while Nashua (2008) and Kanawha (2009) each received one pass.  A pre-
emergence and post-emergence herbicide was used at all locations except Ames in 2009 
(Table 2), where only a post-emergence herbicide was applied.  Glyphosate and glufosinate 
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were not used as pre- or post-emergence herbicides due to different hybrid herbicide 
tolerances among current-year hybrids used in the study (Tables 3 and 4).  Herbicides were 
chosen based on individual farm manager‘s recommendations at each location.  Volunteer 
corn was controlled with hand weeding at each location.  Nitrogen (N) applications were 
designed to ensure that N would not be yield limiting. Application rates ranged from 200 kg 
N ha
-1
 (2008) to 224 kg N ha
-1
 (2009)
 
for the 2
nd
 year corn plots.  In 2008, the soybean plots 
received 136 and 157 kg N ha
-1
 at Ames and Nashua, respectively.  In 2009, the soybean 
plots received the same N rate that the 2
nd
 year corn plots received at both locations.  
Applications of P and K were made based on farm manger recommendations for individual 
locations.   
Planting and harvest dates varied at each location (Table 2).  Planting occurred 
between late April and mid-May; harvest took place from late October through early 
November in 2008 and 2009 (Table 2).  Subplots were planted with an Almaco cone planter 
(Allen Machine Co., Nevada, IA); they were 4 rows wide, and 4.7 m in length with 76 cm 
row spacing.  Seeding rates for all locations were 86,450 seeds ha 
-1
.  Harvest was completed 
using an Almaco Plot Combine (Allen Machine Co., Nevada, IA).  Grain yields were 
adjusted to 15% moisture content.   
Root and plant biomass samples were collected at vegetative (V) and reproductive (R) 
growth stages: V4, V12, VT-R1, and R6 (Ritchie et al., 1993).  Calendar dates and growing 
degree days (GDD), accumulated after planting, for individual SD at each location are 
displayed in Table 5.  Root biomass samples were collected using a method described in Al-
Kaisi and Grote (2007).  A frame was developed from 1.3 cm polyvinyl chloride (PVC) 
tubing with dimensions of 50.8 cm long by 76.2cm wide.  This frame was used for all SD in 
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2008.  Root and plant biomass samples were collected by placing the frame in a non-yield 
row, five plants in from the alley.  Plants and roots within the frame were excavated to a 
depth of 30.5 cm.  In 2009, a smaller frame was used for the first SD, 50.8 cm long by 50.8 
cm wide.  In addition, root sampling for the first SD in 2009 was excavated to a depth of 20.3 
cm.  A smaller frame and shallower depth were used because less soil could be excavated 
while still retrieving nearly the entire root mass.  Following the first SD of 2009, the final 
three SD were conducted using the same frame and depth used in 2008.  After root 
extraction, plants in both years were separated into roots and shoots; excess soil was washed 
away using a hand wand sprayer for the first SD, and a John Deere AC1500EH (John Deere, 
Moline IL) pressure washer for the final three SD; water pressure was reduced to the lowest 
pressure setting available.  After washing, roots were placed in forced air dryers for five or 
more days at 60
°
.  Roots were then removed from the dryers and weighed immediately for 
the total sum of root dry matter (RDM) per sample. Root dry matter was used to calculate 
root weight density (RWD) as: 
RWD=RDM / (Length*Width*Depth) or  
RWD = RDM / ((50.8 cm)*(76.2 or 50.8 cm)*(30.5 or 20.3 cm)) 
Root biomass (RB) was then calculated as:  
RB = RWD*Depth*100 
with 100 being the conversion factor for area and mass providing RB to be reported as Mg of 
roots ha 
-1
 (Al-Kaisi and Grote, 2007).  Plant biomass was weighed after 5 to 7 days 
depending on plant size, in forced air dryers at 60
°
C separate from the root samples.  Average 
per plant weight (g) was calculated for each sample based on total plants per individual 
sample.  
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Hybrid Selection 
 The main plots established during the first year (2007 or 2008) were three DeKalb 
(Monsanto Co., St. Louis, MO) hybrids (Tables 3 and 4).  The three main plot hybrids and 12 
split plot hybrids were chosen with appropriate relative maturity (RM) for each location 
(Tables 3 and 4).  DeKalb (Monsanto Co., St. Louis, MO), Pioneer Hi-Bred International 
(DuPont Co., Johnston, IA), Syngenta (Syngenta Corp., Wilmington, DE), and NC+ 
(Channel Bio Corp., Hastings, NE) each provided three different hybrids used in the split-
plots for each location (Table 3 and 4).  Hybrid selection criteria for each company were: one 
hybrid highly suited for corn following corn (1), one hybrid suited  for corn following corn 
(2), and one hybrid not recommended for corn following corn (3) (Tables 3 and 4).  
Companies used stress emergence scores, gray leaf spot scores, anthracnose stalk rot scores, 
and company knowledge based on their own performance data when selecting hybrids for 
our given criteria.  In addition, we asked the companies to ensure that the three hybrids 
provided were from different families.  All hybrids were herbicide tolerant, European corn 
borer (Ostrinia nubilalis) resistant, and corn rootworm (Diabrotica spp.) resistant (Tables 3 
and 4). Main plot establishment in 2008 included a 2.1 maturity soybean, Asgrow 2108, at 
Ames and Kanawha (Tables 3 and 4).  Soybean cultivars were different in 2007 for each 
location. 
Weather Data 
 Long term climatic data (1977-2007) was obtained from the Iowa Environmental 
Mesonet (IEM, 2009) database from weather recording stations within 15 km of each 
location (Figs. 1 and 2).  Seasonal climate data was compiled using the High Plains Regional 
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Climate Center (HPRCC, 2009) database (Figs. 1 and 2).  Precipitation and daily maximum 
and minimum temperatures were recorded within 2 km of all locations.  
Statistical analysis 
The mixed model procedure in the Statistical Analysis System was used to perform 
the analysis of variance (SAS Institute, 2009).  Replication was considered random, while all 
other factors were fixed.  A LSD (α=0.05) was used to test significant differences between 
means.  Differences mentioned are at P ≤ 0.05, unless otherwise indicated.  Sample dates 
were analyzed individually and will be reported in the same manner.   Due to differences in 
experimental design between 2008 and 2009, years were not combined. The percent yield 
advantage/disadvantage of crop rotation was calculated using a method described by Porter et 
al. (1997); the yield difference between corn following soybean and 2
nd
 year corn was 
divided by the yield of 2
nd
 year corn, then multiplied by 100.   
 A correlative analysis was performed to understand the relationship between grain 
yield and either root or plant biomass.  A correlation of r ≥ 0.30 was considered strong for 
root biomass, and r ≥ 0.40 for plant biomass.  These values were chosen due to the variability 
associated with our root sampling methods and deterioration of root biomass at the end of the 
growing season, caused by rapid decomposition.  A root to shoot correlation was also tested 
to understand their relationship during the growing season.  The correlation was performed 
using total plot values of the measured root and plant biomass. 
Results and Discussion 
Weather conditions 
 In 2008, monthly average temperatures for Ames were cooler than the 30-year 
average for April and May (Fig. 1).  October temperatures were higher than the 30-year 
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average.  Precipitation at the Ames location was greater than the 30-year average for May 
thru July (Fig.1).  Precipitation in 2008 for Ames compared to the 30-year average for May, 
June, and July were 70, 122, and 84 mm greater, respectively; August received 85 mm less 
than its 30-year average.  Average temperatures in Nashua were below average for most of 
the growing season with October being warmer (Fig.2).  Precipitation at Nashua was 141 and 
103 mm greater than the 30-year average for April and June, respectively.  However, 
monthly precipitation was below average during July and August, the sum of those two 
months was 170 mm below average (Fig.2).  On July 29, 2008, during pollination, Ames was 
severely damaged by hail; leaf shredding occurred to approximately 40% of the total leaf 
tissue.  One week prior to harvest the Nashua location experienced heavy winds causing 
approximately 50% of the plots to stalk lodge and may have lead to some harvest loss. 
In 2009, the monthly average temperature for Ames was similar to the 30-year April-
June averages, but July and August were several degrees below average (Fig.1) slowing 
GDD accumulation during those months.  Ames precipitation during 2009 was slightly above 
average for June, but 207 mm less rainfall accumulated from July–September compared to 
the 30-year average.  A heavy rain in mid-summer caused water-logged soils in the southeast 
corner of the plot and required two main plots to be discarded in the first replication.  During 
October, rainfall accumulation was 68 mm above average. Heavy October precipitation 
coupled with the delay in plant development due to cool summer temperatures caused a 
harvest delay late into the fall.  A similar temperature regime to Ames occurred at Kanawha 
in 2009 (Fig. 2) with summer temperatures several degrees below the 30-year average.  
Precipitation was below average in June and August and then spiked sharply during October.  
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Harvest was also delayed in Kanawha due to heavy October precipitation and cool 
temperatures during the growing season. 
Grain Yield 
2008 
No previous-year corn hybrid by current-year hybrid interaction was found at either 
location.  Differences existed among the three previous-year DeKalb (DKC) hybrids at 
Nashua (Table 6).  Current-year hybrid grain yields were highest when planted following 
DKC 52-40 residue (Table 6).  Anderson et al. (1988) found both positive and negative 
influences from the previous-year corn hybrid.  Previous-year corn hybrid DKC 52-40 
showed grain yield increased for the 12 current-year hybrids when compared to the other two 
previous-year corn hybrids.  However, a combined analysis of three Northern Iowa locations, 
including Nashua, found previous-year corn hybrid does not influence grain yield of the 
current-year hybrid (See Chapter 3).  Grain yields did not differ among the three previous-
year DKC hybrid residues at the Ames location (Table 6).  As mentioned earlier, soybean 
plots were not established as a main plot with the other three corn hybrids for 2008, 
eliminating any valid comparison between 2
nd
 year corn and corn following soybean; 
however, yields appeared greater following soybean than 2
nd
 year corn at both locations 
(Table 6).  Yields reported for current-year hybrids in 2008 are based only on the three 
previous-year hybrids grown as the main plots (Table 6).  Current-year hybrid yields ranged 
from 10.15 Mg ha
-1 
(DKC 54-49) to 13.63 Mg ha
-1
 (NC+ 4252) at Nashua (Table 6).  Hybrid 
NC+ 4252 was one of the longest maturing hybrids (107 RM) grown at Nashua in 2008. This 
may have contributed to its high grain yield (Table 4).  Current-year hybrid grain yields for 
Ames ranged from 9.61 Mg ha
-1 
(DKC 61-69)
 
to 11.39 Mg ha
-1
 (DKC 60-18) (Table 6).  The 
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variability within the current-year hybrids is to be expected for both locations.  However, the 
hail received at pollination in Ames likely decreased final grain yield, limiting the 
conclusions that can be formed about the current-year hybrids.   
2009 
Similar to Ames in 2008, neither Ames nor Kanawha 2009 showed a previous-year 
corn hybrid by current-year hybrid interaction for grain yield.  Both locations indicated no 
difference in grain yield when the three previous-year DKC hybrids were compared.   
Changes in the 2008-2009 experimental design provided valid comparisons between 2
nd
 year 
corn and the corn-soybean rotation.  Corn following soybean yields were greater compared to 
the three previous-year corn hybrids grown at Ames (Table 6).  Calculated yield advantages 
of corn following soybean to 2
nd
 year corn were 22% and 23% greater at Kanawha and 
Ames, respectively.  These values are greater than 10-15% range proposed by Benson 
(1985).  Porter et al. (1997) reported that corn grain yields could differ by up 25% in stressful 
environments between both cropping systems.  The differences in grain yield, in 2009, may 
have been due to cool summer temperatures providing a more stressful growing environment 
negatively influencing growth of the 2
nd
 year corn (Figs. 1 and 2).  Current-year hybrid yields 
in 2009 included grain yield of both corn and soybean main plots.  Current-year hybrid grain 
yields ranged from 11.79 (NK N45-A5) to 14.05 (DKC 57-79) Mg ha
-1
 at Kanawha (Table 
6).  DeKalb 57-79 had a relative maturity of 107 days, one of the longest day hybrids grown 
at Kanawha, which may have contributed to its high grain yield, while NK N45-A5 was only 
a 101 day hybrid (Table 4).  Current-year hybrids in Ames ranged from 10.24 (GH 8953) to 
11.78 (DKC 61-69) Mg ha
-1
.  Grain moisture at both locations was high compared to 2008, 
likely due to the late-season frost.  Grain moisture at Ames and Nashua in 2008 was 18.2 and 
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18.1%, respectively, while in 2009 grain moisture was 26.2 and 26.3 % for Ames and 
Kanawha (data not shown), respectively.     
Current-year hybrid differences were apparent and expected for both 2008 and 2009, 
but did not appear to follow the 2
nd
 year performance ratings provided by the individual 
companies.  Based on the ratings (1, 2, and 3), yields do not appear to follow the same 
numerical order provided by each company (Tables 4 and 5).  However, this is based on a 
single location for each set of hybrids over two years, which limits the ability to make valid 
conclusions.  In a comparison of six locations, where the 24 different hybrids were grown 
(Tables 3 and 4) the highly suited hybrids yielded the highest 56% of the time across both 
regions and years, based on gross yield (See chapter 3).  The suited and not recommended 
hybrids were correct 45% and 40% of the time, respectively, based on gross yield. Based on 
the information presented in chapter 3, company recommendations appear to provide 
adequate insight for selecting the proper hybrid for 2
nd
 year corn.  Literature is limited which 
focuses on hybrid performance based on company recommendations, limiting the discussion 
on this topic. 
Root and Plant Biomass  
  Root growth patterns at all locations indicated a continual increase in root biomass 
(RB) accumulation through the first three SD (V4-V12) followed by a decrease at the fourth 
SD (R6) (Figs. 3 and 4; Tables 7-10). Decreases at SD 4 were likely due to root 
decomposition in the later reproductive stages.  Similar results were reported by Mengel and 
Barber (1974), a rapid increase in root fresh weight was observed for the first 86 days of 
plant growth, approximately VT-R1, followed by a rapid decrease until day 132 (R6).  Plant 
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biomass (PB) (Figs. 5 and 6; Tables 7-10) accumulated over the entire growing season with 
greatest weights obtained at SD 4 (R6), which included the corn ear.   
In 2008 and 2009, plants and roots at SD 1 (V4) appeared, visually, to have larger 
more vigorous plant and root systems in corn following soybean plots compared to the 2
nd
 
year corn (data not shown).  In contrast, 2
nd
 year corn plots were similar visually at SD 1.  No 
visual differences were observed for plants or roots at the 2
nd
 (V12), 3
rd
 (VT-R1), and 4
th
 
(R6) SD.  However, plants in corn following soybean plots appeared taller for the entire 
growing season.  Meese et al. (1991) reported plant height of corn following soybean was 
0.18 m taller than continuous corn at maturity.  Plants in corn following soybean plots were 
normally one leaf stage ahead of the 2
nd
 year corn plots during vegetative growth (data not 
shown).  The difference in height may be due to a more vigorous plant during early season 
growth within the corn-soybean rotation. 
Previous-year corn hybrid differences were not found for Ames or Nashua within any 
SD for RB or PB in 2008 (Table 7).  Similar results were found for RB at Kanawha in 2009 
(Table 7).  Current-year hybrid differences were found at both locations in 2008 and 2009 
within at least one SD and was expected (Table 7).  Our  following discussion will focus 
primarily on Ames and Kanawha in 2009 where differences in both RB and PB were found 
(Table 7).  Plant biomass differences were most noticeable at Kanawha 2009, where all four 
SD showed differences (Table 7). 
Ames 2008 
 No interaction between previous-year corn hybrid and current-year hybrid was found 
within any SD for either root or plant biomass.  The three previous-year DKC hybrid residues 
did not differ in RB.  Current-year hybrid RB differences were found only within SD 4 (R6), 
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and ranged from 0.84 Mg ha
-1 
(DKC 63-74) to 1.53 Mg ha
-1 
(GH 8953).  Anderson (1987) 
reported adventitious roots accounted for 44-92% of the total root mass collected in the row 
from 0 to 0.07-m deep.  This wide range may account for the RB differences observed within 
the current-year hybrids at SD4.  Also, Costa et al. (2002) reported differences in root 
morphology among three different corn genotypes.  The RB differences we observed may 
have been due to a combination of breeding and different genetic backgrounds.  Golden 
Harvest 8953, PHI 34F29, and NC+ 5329 showed increasing RB from SD 3 to SD 4 (Table 
8).  Increasing RB was not observed for the other hybrids, which may indicate that these 
hybrids were not subjected to decomposition after SD 3 (for reasons unknown), or they 
produced a greater root mass in the soil volume specific to our sampling methods.  No 
current-year hybrid indicated a consistent high or low RB when compared to the other 11 
current-year hybrids within each sample date (Fig. 3).  To understand the relationship 
between RB and grain yield, a correlative analysis was performed.  The root biomass to grain 
yield correlation indicated a weak correlation (Table 12) within SD 2 (V12).  No SD, 
including SD 2, provided evidence of RB being an adequate predictor of final grain yield, 
based on the sampling methods used in this research. 
Previous-year corn hybrid did not affect current-year hybrid plant biomass (PB) at 
any SD.  Current-year hybrid differences were found within SD 2 (V12) for PB (Table 8), 
where PB differed by up to 10.2 g among hybrids.  Plant biomass was correlated to grain 
yield within SD 1 and 3 (Table 12), but both correlations were weak and poor indicators of 
final grain yield.  Sample date 4 showed severe leaf shredding, leaf loss, and pollination 
issues due to hail during pollination; this may have contributed to lack of correlation for PB 
and grain yield at R6. 
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Ames 2009 
 No previous-year corn hybrid/cropping system by current-year hybrid interaction was 
found within any SD for either root or plant biomass.  Sample date 2 (V12) showed 
differences between the previous-year corn and soybean residue. Root biomass was similar 
for corn following soybean and DKC 60-18, but no difference was found among the three 
previous-year corn hybrids within SD 2 (Table 8).    Nickel et al. (1995) reported that a 
greater number of continuous corn roots were found in the upper 12.5 cm based on soil cores 
and minirhizotron tube measurements.  At greater depths corn following soybean produced a 
greater number of roots based on minirizotron measurements.  Our sample depth was 30.5 
cm which may explain why soybean produced a greater RB than two of the three previous 
year hybrids.  Also a greater amount of roots close to the soil surface for DKC 63-74 may 
explain why no difference was found between it and the corn soybean rotation.  Current-year 
hybrid RB differences were found in SD 1, 2, and 4 (Table 8).   Similar to Ames 2008, GH 
8953 was relatively unchanged from SD 3 to SD 4 (Table 8), once again indicating that a 
greater root mass was produced within our sample volume and/or decomposition after VT-R1 
was delayed with this hybrid.  Significant correlations for RB to grain yield were found 
within SD 2 and 3 (Table 12).  Neither correlation, however, indicated that RB was strongly 
correlated (r ≥ 0.30) to grain yield at the Ames location.   
 Sample dates 2 and 3 (VT-R1) showed PB differences among the four previous-year 
corn and soybean residues.  Plant biomass was greater with corn following soybean in SD 2 
compared to the other three previous-year corn hybrids.  Riedell et al. (1998) found greater 
dry weight and tissue nutrient accumulation for corn grown in rotation with soybean than 
continuous corn at VT.  The differences observed by Riedell et al. and our own results for 
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SD2 may be explained by less residue cover in corn following soybean reducing disease 
inoculum and providing warmer soils resulting in a better early season growing environment.  
Corn following soybean and DKC 60-18 produced similar PB in SD 3 (Table 9).  Plant 
biomass did not differ among DKC 61-66 and 63-74 (Table 9).  The difference in PB within 
SD 3 indicates the previous-year corn hybrid may influence overall plant biomass; however 
the corn-soybean rotation showed PB to be 12.2 g heavier than DKC 60-18.  Although SD 1 
and 4 were not different, corn following soybean appeared to have the greatest PB within 
those dates (Table 9).  Current-year hybrid differences for PB were only found in SD 1.  
Early-season PB for DKC 60-18, Pioneer 34F29 and Pioneer 33W84 were the greatest of the 
12 hybrids (Table 9).  Results were variable across all SD, no specific hybrid was consistent 
in PB across all SD. Strong PB to grain yield correlations were found for SD 2 and 4 (Table 
12).  The strongest correlation was SD 4 (r = 0.58, P < 0.0001), likely due to grain being 
present on the plant biomass samples.    
Nashua 2008 
 A previous-year corn hybrid by current-year interaction was not found within any SD 
for root or plant biomass.  Similar to Ames 2008, no differences in RB were found among the 
three chosen previous-year corn hybrids within the four SD (Table 10).  No valid 
comparisons exist for 2
nd
 year corn compared to corn rotated with soybean for the Nashua 
2008 location, but RB means were greatest when corn followed soybean across all SD (Table 
10).  Current-year hybrid RB differed within all SD (Table 10).  Individual hybrid RB 
fluctuated across SD (Fig. 5).  For example, NK N48-B5 produced the greatest RB, of the 12 
corn hybrids, within the first two SD, while declining when compared to the other hybrids in 
SD 3 and 4.  Root biomass was not correlated to grain yield within the first three SD.  A 
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weak correlation (r = 0.26, P < 0.001) was found within SD 4 (Table 12), but this falls under 
the defined strength limits, so RB was not correlated with grain yield within any of the four 
SD. 
The three previous-year corn hybrids did not influence PB within any of the four SD 
(Table 10).  Plant biomass differed with current-year hybrids in SD 1 and 3 (Table 10).  
Results were inconsistent across SD; no single current-year hybrid produced the greatest PB 
across all SD (Table 10 and Fig. 6).  Plant biomass showed weak but significant correlation 
to grain yield within SD 1 and 3 (Table 12).  Sample date 4 had the strongest correlation (r = 
0.38, P < 0.0001).  Although this correlation is strong compared to SD 1 and 3, due to grain 
fill being complete, it does not meet the value r ≥ 0.40 which would indicate a strong 
correlation to grain yield, based on our correlation criteria. 
Kanawha 2009 
 A previous-year hybrid by current-year hybrid interaction was found within SD 3 and 
4 for RB.  The observed interaction within SD 3 was due to five of the 12 hybrids decreasing 
or showing no change in RB when grown on soybean residue compared to the other three 
previous-year DKC hybrid residues.  The seven remaining hybrids within SD 3 indicated an 
average increase of 0.30 Mg ha
-1 
when grown on soybean residue compared to the other three 
DKC previous-year corn hybrids.  Within SD 4, increasing RB for three of the 12 current-
year hybrids when grown on soybean residue caused the interaction.  The other nine hybrids 
show decreased RB at SD 4 when following soybean.  These decreases in RB may be due to 
hybrids reaching physiological maturity sooner when grown on soybean residue, subjecting 
the hybrids‘ roots to decomposition before those in the 2nd year corn plots.  The observed 
interactions indicate that previous-year corn hybrid may influence certain commercial 
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hybrids, during late-season growth, and may account for the grain yield results described by 
Hicks and Peterson (1981).   Root biomass to grain yield correlations were found with SD 2 
and 3.  But the correlations were weak and did not provide adequate evidence showing RB as 
a predictor of grain yield.   
 A previous-year residue by current-year hybrid interaction was also found within SD 
1 in 9 of the 12 hybrids for PB.  The observed interaction was caused by a single hybrid, 
NC+ 3583, decreasing in PB when grown on soybean residue.  The other 11 hybrids 
averaged 0.94 g plant 
-1 
increase in PB when grown on soybean residue compared to 2
nd
 year 
corn, while NC+ 3583 decreased by 0.21 g plant
-1
 on the soybean residue.  The decreased PB 
for NC+ 3583 following soybean may explain the low yield that was observed for that 
specific hybrid (Table 6) caused by decreased early-season plant growth.  The increased PB 
for the other 11 hybrids in corn following soybean residue is likely due to warmer soils. 
Residue measurements found residue cover after planting was 41% in the 2
nd
 year corn, 
while previous-year soybean residue cover was 19%.  Less residue cover likely increased soil 
temperatures and improved seedling emergence, leading to greater PB accumulation found 
with SD 1(Alessi and Power, 1971).  Across all SD, the three previous-year corn hybrid 
residues produced less PB compared to corn following soybean, similar to SD 2 and 3 for 
Ames 2009 (Table 11).  Copeland and Crookston (1992) found greater shoot concentrations 
during early vegetative growth and physiological maturity under high soil fertility.  Our 
results did not measure shoot nutrient concentrations but did indicated that corn following 
soybean had a greater PB at all SD compared to 2
nd
 year corn, similar to the results reported 
by Copland and Crookston (1992).   Current-year PB differences were found within SD 1 and 
4 (Table 11).  Plant biomasses to grain yield correlations indicated significant relationships 
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within all SD (Table 12); however, all were weak correlations. Sample date 4 was the 
strongest correlation (r = 0.39, p < 0.0001) due to grain being present at SD 4 (R6) (Table 
12).      
 In general, root biomass increased in total weight, for our specific sample volume, 
from V4-VT followed by a decline at R6 at both locations for 2008 and 2009.  A similar root 
growth pattern was reported by several others (Foth, 1962; Mengel and Barber, 1974; Amos 
and Walters, 2006).  Plant biomass continued to accumulate until R6, similar to other studies 
(Mengel and Barber, 1974; Tollenaar and Migus, 1984). Except for a single isolated SD, 
previous-year hybrid and cropping system did not influence RB.  Plant biomass appeared the 
most influenced by cropping system in 2009 at both locations; previous-year corn hybrid did 
not influence PB except for one SD in 2009.  Root biomass was weakly correlated with final 
grain yield and therefore would be a poor indicator of final grain yield.  Plant biomass 
appeared most correlated to final grain yield at R6, likely due to the ear development being 
complete.    
Root to shoot ratios and correlations 
 The average root to shoot ratios for individual sample dates when all locations were 
combined ranged from 0.40 at V4 to 0.05 at R6.  Our results agree with Amos and Walters 
(2006) who calculated root to shoot values versus days after emergence from 41 published 
journal articles. They reported the average root to shoot ratios ranged from 0.68 at emergence 
to 0.16 at R6, based on g plant
-1
.   All of their complied data showed similar trends for 
calculated root to shoot ratios; the ratios declined over both the growing season and when 
placed under environmental stressors.  To further investigate the relationship of root and 
shoots, we preformed a correlative analysis using individual locations and years to evaluate if 
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root biomass correlated to plant biomass at all locations, and whether the correlations 
declined over the growing season (Table 13).  This correlation was performed using the total 
root and plant weights of individual plot samples.  All correlations were highly significant. 
However, SD 1 provided the strongest correlations for three of the four locations (Table 13).  
In 2008, the Ames location showed a weak but significant shoot to root correlation (r = 0.39, 
P < 0.0001) at SD 1, likely due to this site being the calibration for the experiment.  Root and 
shoot biomass was correlated within SD 2, 3, and 4 at each location, but the correlation 
decreased after SD 1 (Table 13). The low correlation within SD 4, at Ames 2008, is assumed 
to be due to the hail received during pollination.  Though the hail occurred prior to SD 3, leaf 
tissue was not lost, only shredded.   
 The strong correlation found within SD 1 at three of the four sites was possibly due to 
the sampling methodology used to obtain the samples.  At each SD, root biomass was 
obtained from a specific soil volume, while the entire above ground portions of the plant was 
collected.   A larger portion of the total root system was obtained at SD 1 due in part to the 
overall root system not exploring a large soil volume compared to the later sample dates.  
These decreases in total root biomass sampled—due to our methodology and desired soil 
volume—coupled with the increase in plant biomass over the growing season, may account 
for the correlations between root and shoot biomass decreasing at the later SD.   Sampling a 
larger soil volume may have obtained a greater amount of root biomass, improving the 
correlations at the later dates, but was not a feasible option with this research.  Overall, this 
shows that plant and root biomass are correlated.  A large plant likely has a large root system. 
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Conclusions 
  Grain yield was influenced by previous-year crop residue at one location (Nashua, 
2008).  However, this was the only location that showed a difference; a more focused grain 
yield study indicates that grain yield is not influenced by the previous-year corn hybrid (See 
Chapter 3).   Corn rotated with soybean produced greater grain yields than 2
nd
 year corn, 
reaffirming what other literature has stated.  Root and plant biomass does not differ between 
previous-year corn hybrids and should not be a concern to corn producers in the following 
growing season. Differences in RB and PB regardless of cropping system does not account 
for the 10-15% decrease observed with 2
nd
 year corn.  Root biomass should not be used as an 
indicator of final grain yield at any time during the growing season.  Plant biomass to grain 
yield correlations would be best if performed at R6 when grain is present.  Current-year 
hybrid RB differences will occur but will not influence final grain yield.  Corn growers 
should expect grain yields to decrease in 2
nd
 year corn, but when selecting current-year 
hybrids influences from the previous-year corn hybrid should not be a concern.  
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Table 1. Soil seris and soil texture: Ames, Nashua, and Kanawha, Iowa, 2007-2009.  
 Location Year Soil Series Soil Texture 
Ames, IA 2007-2008 Fine-loamy, mixed, superactive, mesic Aquic Hapludolls Loam 
 
2008-2009 Fine-loamy, mixed, superactive, calcareous, mesic Typic Endoaquolls Silty clay loam 
Nashua, IA 2007-2008 Typic Haplaqolls, fine-loamy, mixed, mesic Silty clay loam 
Kanawha, IA 2008-2009 Fine-loamy, mixed, superactive, mesic Aquic Hapludolls Loam 
 
 
Table  2.  Management information, Ames, Nashua, and Kanawha, Iowa, 2008-2009.   
  
Fall/Spring  
tillage 
Pre-emerge 
Herbicide 
Planting    
Date 
Post-emerge 
Herbicide 
Harvest    
Date Location  Year 
Ames, IA 2007-2008 Chisel/FC
†
 Yes 16 May Yes 30 Oct 2008 
 
2008-2009 DT
‡
/FC No 12 May Yes 10 Nov 2009 
Nashua, IA 2007-2008 None/FC Yes 5 May Yes 4 Nov 2008 
Kanawha, IA 2008-2009 Chisel/FC Yes 23 Apr Yes 28 Oct 2009 
† FC= Field cultivation 
‡ DT= Deep Tillage, performed with a John Deere 2700 mulch ripper (John Deere, Moline, IL)
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Table 3. Previous-year corn hybrid/cultivar and current year hybrids, Ames, Iowa, 2008 and 
2009. 
Hybrid Company 
 Relative                
Maturity (RM) Traits 
Previous yr hyb/CV    
DKC 60-18 (2)
†
 DeKalb (Monsanto) 110 RR2
¶
/YGPL
#
 
DKC 61-66 (1) DeKalb (Monsanto) 111 RR2/YGPL 
DKC 63-74 (2) DeKalb (Monsanto) 113 RR2/YGPL 
AG 2108 (Soybean)
‡
 Asgrow (Monsanto) 2.1 (MG)
§
 RR
††
 
    Current yr hybrid 
   DKC 60-18 (2) DeKalb (Monsanto) 110 RR2/YGPL 
DKC 61-69 VT3 (1) DeKalb (Monsanto) 111 RR2/CB
‡‡
/RW
§§
 
DKC 63-74 (2) DeKalb (Monsanto) 113 RR2/YGPL 
NC+ 3943 RBD (3) NC+ (Channel Bio Corp.) 108 RR2/CB/RW 
NC+ 4447 RBD (2) NC+ (Channel Bio Corp.) 110 RR2/CB/RW 
NC+ 5329 RBD (1) NC+ (Channel Bio Corp.) 112 RR2/CB/RW 
PHI33W84 (1) Pioneer Hi-Bred Int (Dupont) 111 RR2/LL
¶¶
/HXX
##
 
PHI 34F29 (2) Pioneer Hi-Bred Int (Dupont) 108 RR2/LL/HXX 
PHI 34P94 (2) Pioneer Hi-Bred Int (Dupont) 111 LL/HXX 
NK 68B (3) NK (Syngenta) 110 LL/CB/RW 
GH 8953 (2) Golden Harvest (Syngenta) 111 LL/CB/RW 
GH 9145 3000GT (1) Golden Harvest (Syngenta) 113 GT
†††
/LL/CB/RW 
 † (1) = Highly suited for 2nd year corn, (2) = suited for corn following corn, (3) = not 
recommended for corn following corn.  Companies used stress emergence scores, gray leaf 
spot scores, anthracnose stalk rot scores, and company preference based on their own 
performance data of their hybrids when selecting for our given criteria. hyb= Hybrid and 
CV= Cultvar 
 ‡ Soybean main plots were only included as a previous residue in 2008 for 2009 plots 
 § MG= maturity group 
 ¶ RR2= Round Up Ready 2- Glyphosate resistant 
 # YGPL= Yield Gard Plus Ostrinia nubilalis and Diabrotica spp. resistant 
 †† RR= Round Up Ready- Glyphosate resistant 
 ‡‡ CB= corn Borer resistant (Ostrinia nubilalis) resistant  
 §§ RW= corn rootworm resistant (Diabrotica spp.) resistant 
 ¶¶ LL= Liberty Link- Glufosinate resistant 
 ## HXX= Herculux Ostrinia nubilalis and Diabrotica spp. resistant 
 ††† GT= Glyphosate tolerant 
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Table 4. Previous-year corn hybrid/cultivar and current year hybrids, Nashua and Kanawha, 
Iowa, 2008 and 2009. 
    Relative                 
Maturity (RM) Hybrid Company Traits 
Previous yr hyb/CV 
   DKC 52-40 (1)
†
 DeKalb (Monsanto) 102 RR2
¶
/YGPL
#
 
DKC 54-46 (2) DeKalb (Monsanto) 104 RR2/YGPL 
DKC 57-79 (1) DeKalb (Monsanto) 107 RR2/YGPL 
AG 2108 (Soybean)
‡
 Asgrow (Monsanto) 2.1 (MG)
§
 RR
††
 
    Current yr hybrid  
DKC 52-43 VT3 (1) DeKalb (Monsanto) 102 RR2/CB
‡‡
/RW
§§
 
DKC 54-49 VT3 (2) DeKalb (Monsanto) 104 RR2/CB/RW 
DKC 57-79  (1) DeKalb (Monsanto) 107 RR2/YGPL 
NC+ 3583 RBD (3) NC+ (Channel Bio Corp.) 106 RR2/CB/RW 
NC+ 3613 VT3 (2) NC+ (Channel Bio Corp.) 105 RR2/CB/RW 
NC+ 4252 VT3 (1) NC+ (Channel Bio Corp.) 107 RR2/CB/RW 
PHI 35F44 (3) Pioneer Hi-Bred Int (Dupont) 105 RR2/LL
¶¶
/HXX
##
 
PHI 35K33 (2) Pioneer Hi-Bred Int (Dupont) 105 RR2/LL/HXX 
PHI 37Y14 (1) Pioneer Hi-Bred Int (Dupont) 99 RR2/LL/HXX 
GH 8062 (3) Golden Harvest (Syngenta) 105 GT/LL/CB/RW 
NK N48-B5 (2) Golden Harvest (Syngenta) 106 LL/CB 
NK N45-A5 (1) Golden Harvest (Syngenta) 108 LL/CB 
† (1)= Highly suited for 2nd year corn, (2)= suited for corn following corn, (3) = not 
recommended for corn following corn.  Companies used stress emergence scores, gray leaf 
spot scores, anthracnose stalk rot scores, and company preference based on their own 
performance data of their hybrids when selecting for our given criteria. hyb= Hybrid and 
CV=Cultivar 
 ‡ Soybean main plots were only included as a previous residue in 2008 for 2009 plots 
 § MG= maturity group 
 ¶ RR2= Round Up Ready 2; Glyphosate resistant 
 # YGPL= Yield Gard Plus Ostrinia nubilalis and Diabrotica spp. resistant 
 †† RR= Round Up Ready; Glyphosate resistant 
 ‡‡ CB= corn Borer resistant (Ostrinia nubilalis) resistant  
 §§ RW= corn rootworm resistant (Diabrotica spp.) resistant 
 ¶¶ LL= Liberty Link; Glufosinate resistant 
 ## HXX= Herculux Xtra- Ostrinia nubilalis and Diabrotica spp. Resistant 
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Table  5.  Sample date information, Ames, Nashua, and Kanawha, Iowa, 2008 and 2009. 
    SD† 1‡   SD 2   SD 3   SD 4 
Location Year Date GDD
§
   Date GDD   Date GDD   Date GDD 
Ames, IA 2008 10-Jun 472 
 
9-Jul 1024 
 
3-Aug 1440 
 
14-Oct 2550 
 
2009 17-Jun 474 
 
16-Jul 1102 
 
5-Aug 1459 
 
14-Oct 2400 
Nashua, IA 2008 14-Jun 478 
 
15-Jul 1065 
 
8-Aug 1511 
 
16-Oct 2319 
Kanawha, IA 2009 10-Jun 487   13-Jul 1117   3-Aug 1440   20-Oct 2402 
† SD= Sample Date 
‡ Sample date number corresponds to corn growth stage; 1= 4, 2=V12, 3= VT-R1, and 4=R6 
§ GDD= Growing degree days accumulated after planting = ((Daily max. temp.+ daily min. temp)/2)-10                                                                                    
(Minimum Cardinal Temperature = 10°C and Maximum Cardinal temperature = 30°) 
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Figure 1.  Average monthly precipitation and air temperature for Ames, Iowa during the 2008 and 2009 
growing season, and the 30 year (1977-2007) average. 
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Figure 2. Average monthly precipitation and air temperature for Nashua and Kanawha, Iowa during the 2008 
and 2009 growing season, and the 30 year (1977-2007) average. 
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Figure 3. Root biomass (RB) by hybrid for Ames, Iowa, 2008 and 2009 at all four sample dates (V4, V12, VT, 
R6). 
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Figure 4. Root biomass (RB) by hybrid for Nashua and Kanawha, Iowa, 2008 and 2009 at all four sample dates 
(V4, V12, VT, R6). 
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Figure 5. Plant biomass (PB) by hybrid for Ames, Iowa, 2008 and 2009 at all four sample dates (V4, V12, VT, 
R6). 
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Figure 6. Plant biomass (PB) by hybrid for Nashua and Kanawha, Iowa, 2008 and 2009 at all four sample dates 
(V4, V12, VT, R6). 
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Table 6. Grain yield for Ames, Nashua, and Kanawha, Iowa, 2008 and 2009. 
 
 
Nashua 
 
Kanawha 
  
Ames 
 
 2008 2009 2008  2009  
 
Mg ha
-1
     Mg ha
-1
   
Previous yr hyb/CV
†
 
   
Previous yr hyb/CV 
   
DKC 52-40 11.94
‡
 a 13.18 ab DKC 61-66 10.41 a 10.08 b 
DKC 54-46 10.88 b 11.59 b DKC 60-18 10.17 a 10.17 b 
DKC 57-79 11.50 ab 11.26 b DKC 63-74 10.58 a 10.00 b 
AG 2108-Soybean 12.42
§
 
 
14.74 a Soybean 11.83
§
 
 
13.06 a 
P < F   0.0252 
 
0.0078 
 
P < F   0.8475 
 
0.0158 
 
     
  
    C-C¶ 11.44 
 
12.01 
 
C-C 10.39 
 
10.08 
 C-C + C-SB
#
 11.69 
 
12.69 
 
C-C + C-SB 10.75 
 
10.83 
 
     
  
    Current yr hybrid
††
 
    
Current yr hybrid 
    DKC 52-43 10.46
‡
 ef 12.28 cde DKC 60-18 11.39 a 10.67 bcd 
DKC 54-49 10.15 f 13.21 abc DKC 61-69 9.61 b 11.78 a 
DKC 57-79 12.34 b 14.05 abc DKC 63-74 9.64 b 10.32 d 
NC+ 3583 11.02 de 12.12 de NC+ 3943 10.87 ab 10.84 abcd 
NC+ 3613 11.99 bc 12.53 cde NC+ 4447 11.22 a 11.64 ab 
NC+ 4252 13.63 a 13.91 ab NC+ 5329 10.50 ab 11.43 abc 
PHI 35F44 12.36 b 12.98 bcd PHI 33W84 10.47 ab 10.53 cd 
PHI 35K33 11.76 bcd 12.22 cde PHI 34F29 9.89 b 10.60 bcd 
PHI 37Y14 10.52 ef 12.06 de PHI 34P94 10.36 ab 10.61 bcd 
GH 8062 11.24 cde 12.29 cde NK 68B 11.32 a 10.92 d 
NK N48-B5 11.14 de 12.57 cde GH 8953 9.64 b 10.24 d 
NK N45-A5 10.96 def 11.79 e GH 9145 9.76 b 10.98 abcd 
P < F   <.0001   <.0001   P < F   0.0201   0.0483   
† Previous-year residue is the mean of the 12 current-year hybrids grown on previous-year residue of the listed 
corn hybrids and soybean cultivar, hyb= Hybrid and CV=Cultivar 
‡Numbers followed by the same letter within a column are not significantly different from one another at 
α=0.05, previous-year residue and current-year hybrid columns are separate from one another 
§In 2008 no valid comparison could be made between cropping systems due to experimental design 
¶C-C= the mean of the 12 current year hybrids following each of the three previous year corn hybrids 
#C-C+C-SB= mean of the 12 current year hybrids following each of the three previous year corn hybrids plus 
soybean 
††Current-year hybrid means include only 2nd year corn grain yields for 2008 whereas in 2009 current year 
hybrid means include both 2
nd
 year corn and corn following soybean. 
 
 
  
1
1
2
 
† SD= Sample Date 
‡ hyb= Hybrid, CV= Cultivar 
§ NS= Not significant at α=0.05 
 
 
 
         
 
 
 
 
 
 
Table 7. ANOVA table for all locations for 2008 and 2009. 
  Root biomass   Plant biomass 
Location     SD† 1 SD 2 SD 3 SD 4 
 
SD 1 SD 2 SD 3 SD 4 
 
      P<F       
Ames 2008 
         Previous-yr hyb/CV
‡
 NS NS NS NS 
 
NS NS NS NS 
Current-yr hybrid NS NS NS <0.0001 
 
NS 0.0122 NS NS 
PxC NS NS NS NS 
 
NS NS NS NS 
Ames 2009 
         
Previous-yr hyb/CV  NS 0.0189 NS NS 
 
NS 0.0356 0.0145 NS 
Current-yr hybrid 0.0008 0.0105 NS 0.0002 
 
<0.0001 NS NS NS 
PxC NS NS NS NS 
 
NS NS NS NS 
Nashua 2008 
         
Previous-yr hyb/CV  NS NS NS NS 
 
NS NS NS NS 
Current-yr hybrid 0.0003 0.0038 0.0243 0.0002 
 
0.0009 NS 0.0115 NS 
PxC NS NS NS NS 
 
NS NS NS NS 
Kanawha 2009 
         
Previous-yr hyb/CV  NS NS NS NS 
 
0.0019 0.0003 0.0013 0.0024 
Current-yr hybrid  <0.0001 0.0401 <0.0001 <0.0001 
 
<0.0001 NS NS 0.0002 
PxC NS NS 0.023 0.0497   0.0171 NS NS NS 
       
  
1
1
3
 
           Table 8. Root and plant biomass, sample dates 1-4, Ames Iowa, 2008. 
         
 
 
 
 
 
 
†SD=Sample date 
            ‡ Growing degree days (GDD) accumulated daily after planting 
           § Previous-year residue is the mean of the 12 current-year hybrids grown on previous-year residue of the listed corn hybrids and soybean cultivar, hyb=Hybrid and CV=Cultivar 
                           ¶ Numbers followed by the same letter within a column are not significantly different from one another at α=0.05, previous-year residue and current-year hybrid columns are separate   
from  one another 
           # In 2008, no valid comparison could be made between cropping systems due to experimental design 
          ††C-C= C-C= the mean of the 12 current year hybrids following each of the three previous year corn hybrids 
          ‡‡ C-C + C-SB= mean of the 12 current year hybrids following each of the three previous year hybrids plus soybean 
 §§Current-year hybrid means include only 2nd year corn 
 
Root Biomass (Mg ha
-1
) 
 
Plant Biomass (g plant 
-1
) 
 
SD
†
 1 
 
SD 2 
 
SD 3 
 
SD 4 
 
SD 1 
 
SD 2 
 
SD 3 
 
SD 4 
 
 
472
‡
 
 
1024 
 
1440 
 
2550 
 
472 
 
1024 
 
1440 
 
2550 
 Previous yr hyb/CV
§
 
                DKC 61-66 0.048
¶
 a 0.537 a 1.25 a 1.13 a 0.96 a 28.9 a 118.1 a 186.8 a 
DKC 60-18 0.053 a 0.530 a 1.30 a 1.21 a 1.07 a 26.8 a 109.4 a 186.8 a 
DKC 63-74 0.061 a 0.571 a 1.34 a 1.13 a 1.02 a 30.1 a 131.5 a 197.8 a 
AG 2108-Soybean
#
 0.026 
 
0.842 
 
1.05 
 
1.08 
 
2.45 
 
47.5 
 
127.5 
 
209.6 
 
                 C-C
††
 0.054
 
0.546
 
1.30
 
1.16
 
1.02
 
28.6
 
119.7
 
190.5
 C-C + C-SB
‡‡
 0.047 
 
0.620 
 
1.24 
 
1.14 
 
1.38 
 
33.3 
 
121.6 
 
195.3 
 
                 
                 Current yr hybrid
§§
 
                DKC 60-18 0.056 a
§
 0.594 a 1.12 a 1.05 bcde 1.05 a 34.2 a 131.5 a 190.9 
 DKC 61-69 0.049 a 0.523 a 1.32 a 1.30 ab 1.15 a 31.8 abc 141.1 a 204.3 a 
DKC 63-74 0.043 a 0.579 a 1.35 a 0.84 e 1.02 a 26.4 cde 107.7 a 176.4 a 
NC+ 3943 0.043 a 0.502 a 1.10 a 0.91 de 0.71 a 25.3 de 119.5 a 195.9 a 
NC+ 4447 0.070 a 0.494 a 1.37 a 1.06 bcde 0.93 a 29.5 abcde 116.8 a 174.7 a 
NC+ 5329 0.044 a 0.638 a 1.07 a 1.08 bcde 0.78 a 28.0 abcde 98.8 a 192.7 a 
PHI 33W84 0.076 a 0.552 a 1.62 a 1.42 ab 1.08 a 33.4 ab 109.3 a 224.0 a 
PHI 34F29 0.050 a 0.649 a 1.22 a 1.26 abc 0.86 a 26.3 cde 112.8 a 182.3 a 
PHI 34P94 0.048 a 0.495 a 1.45 a 1.26 ab 1.93 a 31.3 abcd 124.8 a 194.0 a 
NK 68B 0.058 a 0.478 a 1.30 a 0.94 cde 0.94 a 24.9 e 137.7 a 187.5 a 
GH 8953 0.061 a 0.446 a 1.27 a 1.53 a 0.89 a 24.0 e 110.1 a 185.3 a 
GH 9145 0.045 a 0.602 a 1.38 a 1.22 abcd 0.88 a 28.0 bcde 126.1 a 177.8 a 
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Table 9. Root and plant biomass, sample dates 1-4, Ames Iowa, 2009. 
         Root Biomass (Mg ha
-1
)   Plant Biomass (g plant
-1
) 
 
SD
†
 1 
 
SD 2 
 
SD 3 
 
SD 4 
 
SD 1 
 
SD 2 
 
SD 3 
 
SD 4   
 
474
‡
   1102   1459   2400   474   1102   1459   2400   
Previous yr hyb/CV
§
 
                DKC 61-66 0.067 a
¶
 0.587 b 1.04 a 1.00 a 1.62 a 72.5 b 148.6 bc 218.6 a 
DKC 60-18 0.078 a 0.651 ab 1.26 a 0.94 a 1.98 a 72.8 b 163.1 ab 211.7 a 
DKC 63-74 0.075 a 0.577 b 1.19 a 1.04 a 1.78 a 70.6 b 141.4 c 235.2 a 
AG 2108-Soybean
#
 0.082 a 0.715 a 1.25 a 1.01 a 2.09 a 86.5 a 175.3 a 266.7 a 
                 C-C
††
 0.073 
 
0.605 
 
1.16 
 
0.99 
 
1.80 
 
72.0 
 
151.0 
 
221.8 
 C-C + C-SB
‡‡
 0.076 
 
0.632 
 
1.19 
 
1.00 
 
1.87 
 
75.6 
 
157.1 
 
233.1 
 
                 Current yr hybrid
§§
 
                DKC 60-18 0.091 a
§
 0.576 cd 1.18 a 0.95 cde 2.25 a 78.2 a 167.4 a 224.5 
 DKC 61-69 0.068 bcd 0.640 abcd 1.12 a 1.00 bcd 1.94 ab 73.2 a 158.7 a 247.1 a 
DKC 63-74 0.059 d 0.599 cde 0.97 a 0.85 de 1.38 d 70.3 a 144.1 a 234.9 a 
NC+ 3943 0.076 abc 0.693 abc 1.34 a 0.95 cde 1.71 bcd 83.0 a 169.6 a 221.9 a 
NC+ 4447 0.065 dc 0.550 de 1.02 a 0.81 e 1.46 cd 68.9 a 144.3 a 232.2 a 
NC+ 5329 0.066 dc 0.761 a 1.35 a 1.05 bc 1.74 bcd 81.0 a 154.9 a 243.8 a 
PHI 33W84 0.082 ab 0.619 bcde 1.24 a 0.97 bcde 2.19 a 76.2 a 165.0 a 242.3 a 
PHI 34F29 0.085 a 0.646 abcd 1.30 a 1.11 abc 2.25 a 76.5 a 149.8 a 229.7 a 
PHI 34P94 0.076 abc 0.521 e 1.14 a 0.96 cde 1.92 ab 77.8 a 157.9 a 233.8 a 
NK 68B 0.085 a 0.625 bcde 1.14 a 0.95 cde 1.79 bcd 68.7 a 161.5 a 246.4 a 
GH 8953 0.079 abc 0.635 abcd 1.24 a 1.23 a 1.91 ab 78.4 a 156.6 a 201.9 a 
GH 9145 0.076 abc 0.726 ab 1.19 a 1.14 ab 1.91 ab 75.1 a 155.3 a 238.1 a 
† SD= Sample date 
‡ Growing degree days (GDD) accumulated daily after planting 
§ Previous-year residue is the mean of the 12 current-year hybrids grown on previous-year residue of the listed corn hybrids and soybean cultivar, hyb=Hybrid and CV= Cultivar 
 ¶ Numbers followed by the same letter within a column are not significantly different from one another at α=0.05, previous-year residue and current-year hybrid columns are separate from one 
another 
# In 2008, no valid comparison could be made between cropping systems due to experimental design 
†† C-C= the mean of the 12 current year hybrids following each of the three previous year hybrids  
‡‡ C-C + C-SB= mean of the 12 current year hybrids following each of the three previous year hybrids plus soybean  
§§ Current-year hybrid means include 2nd year corn and corn following soybean 
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Table 10. Root and plant biomass, sample dates 1-4, Nashua Iowa, 2008. 
  Root Biomass (Mg ha
-1
)   Plant Biomass (g plant
-1
) 
 
SD
†
 1 
 
SD 2 
 
SD 3 
 
SD 4 
 
SD 1 
 
SD 2 
 
SD 3 
 
SD 4   
 
478
‡
   1065   1511   2319   478   1065   1511   2319   
Previous yr hyb/CV
§
 
                DKC 52-40 0.036 a
¶
 0.391 a 1.27 a 1.01 a 0.75 a 18.1 a 112.3 a 219.5 a 
DKC 54-46 0.035 a 0.409 a 1.22 a 0.98 a 0.75 a 19.1 a 109.7 a 200.3 a 
DKC 57-79 0.036 a 0.456 a 1.23 a 0.96 a 0.80 a 22.9 a 112.7 a 215.5 a 
AG 2108-Soybean
#
 0.052 
 
0.516 
 
1.35 
 
1.20 
 
0.90 
 
25.9 
 
111.6 
 
272.0 
 
                 C-C
††
 0.036 
 
0.419 
 
1.24 
 
0.98 
 
0.77 
 
20.0 
 
111.5 
 
211.7 
 C-C + C-SB
‡‡
 0.040 
 
0.443 
 
1.27 
 
1.04 
 
0.80 
 
21.5 
 
111.5 
 
226.8 
 
                 Current yr hybrid
§§
 
                DKC 52-43 0.037 bcd
§
 0.388 bcd 1.20 ab 0.94 bcd 0.69 cde 19.0 a 105.9 cd 211.6 a 
DKC 54-49 0.040 abc 0.405 bcd 1.27 ab 0.94 bcd 0.76 bcde 17.6 a 108.2 bcd 197.2 a 
DKC 57-79 0.046 abc 0.437 bcd 1.38 a 0.91 cd 1.08 a 18.5 a 132.5 a 220.0 a 
NC+ 3583 0.027 d 0.356 d 1.40 a 0.93 cd 0.59 e 19.5 a 126.5 ab 233.0 a 
NC+ 3613 0.030 cd 0.420 bcd 1.32 ab 1.19 a 0.69 cde 19.7 a 116.0 abc 221.5 a 
NC+ 4252 0.035 cd 0.422 bcd 1.37 a 1.15 ab 0.70 cde 20.5 a 116.7 abc 221.3 a 
PHI 35F44 0.032 cd 0.364 cd 1.22 ab 0.84 cd 0.84 bcd 20.9 a 104.0 cd 221.0 a 
PHI 35K33 0.029 d 0.345 d 1.24 ab 1.05 abc 0.64 de 18.3 a 110.9 bcd 227.3 a 
PHI 37Y14 0.035 cd 0.399 bcd 0.92 c 0.80 d 0.69 cde 17.8 a 103.3 cd 208.5 a 
GH 8062 0.037 bcd 0.461 abc 1.30 ab 1.27 a 0.72 cde 19.2 a 111.4 bcd 182.4 a 
NK N48-B5 0.050 abc 0.550 a 1.19 ab 0.93 dc 0.92 ab 26.7 a 97.1 d 200.9 a 
NK N45-A5 0.030 cd 0.478 ab 1.09 bc 0.83 d 0.87 abc 22.5 a 106.0 cd 196.2 a 
† SD= Sample date 
‡ Growing degree days (GDD) accumulated daily after planting 
§ Previous-year residue is the mean of the 12 current-year hybrids grown on previous-year residue of the listed corn hybrids and soybean cultivar, hyb=hybrid and CV=Cultivar 
¶ Numbers followed by the same letter within a column are not significantly different from one another at α=0.05, previous-year residue and current-year hybrid columns are separate from one 
another 
# In 2008, no valid comparison could be made between cropping systems due to experimental design 
†† C-C= the mean of the 12 current year hybrids following each of the three previous year hybrids  
‡‡ C-C + C-SB= mean of the 12 current year hybrids following each of the three previous year hybrids plus soybean  
§§ Current-year hybrid means include 2nd year corn and corn following soybean 
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Table9. Root and plant biomass, sample dates 1-4, Kanawha Iowa, 2009. 
  Root Biomass (Mg ha
-1
)   Plant Biomass (g plant
-1
) 
 
SD
†
 1 
 
SD 2 
 
SD 3 
 
SD 4 
 
SD 1 
 
SD 2 
 
SD 3 
 
SD 4   
 
487
‡
   1117   1440   2402   487   1117   1440   2402   
Previous yr hyb/CV
§
 
                DKC 52-40 0.070
¶
 a 0.651 a 1.39 a 1.04 a 1.35 b 65.9 b 155.1 b 232.8 b 
DKC 54-46 0.072 a 0.658 a 1.35 a 1.08 a 1.39 b 62.2 b 147.7 b 216.7 b 
DKC 57-79 0.068 a 0.677 a 1.37 a 1.18 a 1.40 b 68.0 b 150.0 b 224.1 b 
AG 2108-Soybean
#
 0.084 a 0.698 a 1.49 a 1.02 a 2.23 a 86.7 a 180.4 a 276.5 a 
                 C-C
††
 0.070 
 
0.662 
 
1.37 
 
1.10 
 
1.38 
 
65.4 
 
150.9 
 
224.5 
 C-C + C-SB
‡‡
 0.073 
 
0.671 
 
1.40 
 
1.08 
 
1.59 
 
70.7 
 
158.3 
 
237.5 
 
                 Current yr hybrid
§§
 
                DKC 52-43 0.079
§
 bcd 0.730 abc 1.53 ab 1.11 bc 1.34 cd 70.3 a 142.9 a 215.2 de 
DKC 54-49 0.090 ab 0.660 abcd 1.26 cd 1.10 bc 1.56 cd 64.1 a 162.5 a 247.1 bc 
DKC 57-79 0.086 abc 0.604 d 1.24 cd 1.00 cd 2.09 a 71.1 a 163.6 a 246.1 bcd 
NC+ 3583 0.053 f 0.619 cd 1.54 ab 1.34 a 1.38 cd 72.4 a 156.4 a 281.2 a 
NC+ 3613 0.070 de 0.636 bcd 1.38 abc 1.02 cd 1.47 cd 68.4 a 161.7 a 238.4 bcde 
NC+ 4252 0.071 cde 0.713 abcd 1.52 ab 1.16 bc 1.63 bc 74.4 a 159.0 a 258.8 ab 
PHI 35F44 0.048 f 0.604 d 1.59 a 1.20 ab 1.21 d 70.4 a 163.3 a 235.6 bcde 
PHI 35K33 0.060 ef 0.613 d 1.32 bc 1.02 cd 1.45 cd 67.6 a 150.4 a 250.1 bc 
PHI 37Y14 0.073 cde 0.666 abcd 1.38 abc 1.10 bc 1.51 cd 68.4 a 157.7 a 230.6 bcde 
GH 8062 0.078 bcd 0.760 a 1.51 ab 1.10 bc 1.94 ab 73.2 a 165.3 a 209.4 e 
NK N48-B5 0.076 bcde 0.746 ab 1.43 abc 0.91 d 1.53 cd 71.4 a 165.0 a 224.3 cde 
NK N45-A5 0.096 a 0.701 abcd 1.08 d 0.90 d 1.99 a 76.5 a 151.7 a 213.6 e 
† SD= Sample date 
‡ Growing degree days (GDD) accumulated daily after planting 
§ Previous-year residue is the mean of the 12 current-year hybrids grown on previous-year residue of the listed corn hybrids and soybean cultivar, hyb=Hybrid and 
CV=Cultivar 
¶ Numbers followed by the same letter within a column are not significantly different from one another at α=0.05 
# In 2008, no valid comparison could be made between cropping systems due to experimental design 
†† C-C= the mean of the 12 current year hybrids following each of the three previous year hybrids  
‡‡ C-C + C-SB= mean of the 12 current year hybrids following each of the three previous year hybrids plus soybean  
§§ Current-year hybrid means include 2nd year corn and corn following soybean
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Table 12.  Root (RB) and plant (PB) correlations to grain yield for individual Iowa Locations by 
sample date, 2008 and 2009. 
  SD
†
 1   SD 2   SD 3   SD 4 
Location RB
‡
 PB
§
   RB PB   RB PB   RB PB 
Ames 2008 
               Correlation -0.08 0.31 
 
0.19 0.36 
 
-0.13 0.10 
 
-0.06 0.14 
    Significance  NS ** 
 
* *** 
 
NS NS 
 
NS NS 
            Ames 2009 
               Correlation -0.01 0.08 
 
0.18 0.44 
 
0.19 0.31 
 
0.13 0.58 
    Significance  NS NS 
 
* *** 
 
* *** 
 
NS *** 
            Nashua 2008 
               Correlation -0.0002 0.17 
 
0.04 0.06 
 
0.05 0.22 
 
0.24 0.38 
    Significance  NS * 
 
NS NS 
 
NS ** 
 
** *** 
            Kanawha 2009 
               Correlation 0.03 0.27 
 
0.03 0.22 
 
0.14 0.17 
 
-0.05 0.39 
    Significance  NS ***   NS **   NS *   NS *** 
*Significant at the 0.05 probability level  
** Significant at the 0.01 probability level 
*** Significant at the 0.001 probability level 
† SD= Sample date 
‡ RB= Root biomass (Mg ha-1) 
§ PB= Plant biomass (g plant
-1
) 
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Table 13. Root to shoot correlations for the individual 
Iowa location by sample date, 2008 and 2009.  Based 
on a total weight of roots and shoots per plot. 
Location SD
†
 1 SD 2 SD 3 SD 4 
Ames 2008 
        Correlation 0.39 0.46 0.56 0.35 
    Significance  *** *** *** *** 
     Ames 2009 
        Correlation 0.83 0.58 0.60 0.65 
    Significance  *** *** *** *** 
     Nashua 2008 
        Correlation 0.81 0.71 0.56 0.62 
    Significance  *** *** *** *** 
     Kanawha 2009 
        Correlation 0.79 0.67 0.65 0.58 
    Significance  *** *** *** *** 
*** Significant at the 0.001 probability level 
† SD= Sample date
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Chapter 5: General Conclusions 
 Growing corn following corn results in a 10-15% decrease in final grain yield 
compared to corn grown in rotation. This decrease in grain yield is supported by previous 
agronomic literature as well as the results presented in this thesis.  So why do corn producers 
continue to produce corn following corn knowing they will lose yield?  The answer to this 
question is simple, profit.  The decisions to grow corn following corn is based on farmer‘s 
willing to take risks, available capital, crop price, and grain yield (Stanger et al., 2008).  
Simply put, a farmer‘s decision to grow corn following corn is based on their individual 
circumstances. Given current market trends and continued demand for corn, the option to 
plant corn following corn will remain viable and profitable.  However, the key to maintaining 
profitability when corn follows corn is proper crop management; but at this point corn 
following corn recommendations are limited. 
 Based on the data presented in this thesis, it is apparent that previous-year corn hybrid 
does not influence plant population, grain yield, or grain moisture of a current-year hybrid.  
Continued use of the same hybrid over time will not decrease grain yield. However, grain 
yield differences were occurred between current-year hybrids when grown on 2
nd
 year corn 
residue.  These differences indicate that hybrid selection is critical and all available 
information, including company input, should be used when selecting hybrids for corn 
following corn.  Improving hybrid selection will not overcome the decrease in grain yield 
suffered by corn following corn. Instead, better selection methods will provide growers with 
the best possible hybrids to withstand the stressors contributing to decreased grain yield 
while sustaining reasonable grain yields for corn following corn.  Root and plant biomass are 
not influenced by previous year hybrid residue in 2
nd
 year corn.  Differences in grain yield 
120 
 
between both systems were not due to differences in root biomass.  Limited evidence did 
indicate that previous year crop residue influenced plant biomass, specifically when corn was 
grown on soybean residue.  Early-season root and plant biomass should not be used as 
predictors of final grain.  However, late season (R6) plant biomass samples may provide 
some insight to final grain yields.   
 Although we did not find the cause of reduced grain yield in 2
nd
 year corn, we did 
check off several possibilities and opened the door for future researchers.  Research looking 
at nutrient accumulation within the plant combined with water usage and light interception 
between the both cropping systems may provide insight into why grain yields decrease.  
Continued research with allelopathy using high performance liquid chromatography allowing 
measurement of specific organic acids may isolate a compound causing decreased yield.  
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